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CHAPTER 1. CLOSED-COURSE EVALUATION OF SPONSORED 

CHANGEABLE MESSAGE SIGNS 

INTRODUCTION 

State and local transportation agencies have long sought innovative mechanisms to fund 

transportation infrastructure. One method identified by the Texas Department of Transportation 

(TxDOT) is the use of acknowledgments on changeable message signs (CMSs). TxDOT 

envisions acknowledging sponsors by displaying company logos on designated portions of 

CMSs. Section 2H.08 of the Manual on Uniform Traffic Control Devices (MUTCD) states that 

“acknowledgment signs are a way of recognizing a company, business, or volunteer group that 

provides a highway-related service. Acknowledgment signs include sponsorship signs for adopt-

a-highway litter removal programs, maintenance of a parkway or interchange, and other highway 

maintenance or beautification sponsorship programs” (1). 

Based on the above support statement in the MUTCD, the definition of acknowledgment 

signs is not broad enough to include acknowledgments on a CMS. Guidance in Paragraph 2 of 

Section 2H.08, however, directs state and local highway agencies with acknowledgment sign 

programs to develop an acknowledgment sign policy, which could hypothetically broaden the 

classification of acknowledgment signs to include their use on CMSs. However, this inclusion 

would not be allowed due to language in Paragraph 4 stating that acknowledgment signs shall 

not be installed on CMSs.  

Because acknowledging a sponsor on a CMS is currently not allowed by the MUTCD, 

TxDOT requested and received permission from the Federal Highway Administration (FHWA) 

to experiment with sponsorship logos on CMSs (FHWA Request to Experiment ruling number 

2(09)-83 (E)—Sponsorship Acknowledgment on CMS—TX). FHWA approved the research to 

be conducted in three parts: 

 A driving simulator study to evaluate the distraction potential of having sponsor logos 

on a CMS. 

 A closed-course driving study to evaluate the effects of sponsor logos on sign 

legibility and hazard detection. 

 An open road study examining eyes-off-road time, pending review of the first two 

parts of the project. 

The design and findings of the driving simulator study are discussed in a separate report 

(2). The present report describes the design and findings of the closed-course study. The open-

road study will not begin until FHWA has reviewed the findings of the first two studies. 
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MUTCD GUIDELINES FOR CHANGEABLE MESSAGE SIGNS 

Although the use of sponsor logos on CMSs is not in conformance with guidelines in the 

current national and Texas editions of the MUTCD, based on language in Section 2H.08, there 

are several other guidelines in the MUTCD relevant to CMSs. These guidelines cover topics 

such as the applications for CMSs, their placement, and the design and content of their messages. 

The MUTCD limits how much information is presented on a CMS display, which justifies the 

concern that sponsor logos would impact driver workload and comprehension of the sign. These 

effects were evaluated in the simulator study (2). 

The MUTCD states that CMSs shall automatically adjust their brightness under varying 

light conditions, that messages on CMSs should be displayed with positive contrast on a dark 

background, and that an increase in light with negative-contrast messages on CMS displays does 

not lead to increased legibility distance (1). These guidelines and statements regarding the light 

from a CMS add context to the concerns of using sponsor logos on signs. Light from sponsor 

logos introduces the potential for glare, which may affect a driver’s ability to read the sign or see 

hazards on the road. The potential effects of sponsor logos on sign legibility and hazard detection 

were the basis for this study. 

The following excerpts from Chapters 2L and 2H of the MUTCD (1), identical in both 

the national and Texas editions, are reprinted here because of their relevance to the use of CMSs 

and the design of this study. 

 

Section 2L.02 Applications of Changeable Message Signs 

Support: 

01 Changeable message signs have a large number of applications including, but not limited to, the 

following: 

A. Incident management and route diversion 

B. Warning of adverse weather conditions 

C. Special event applications associated with traffic control or conditions 

D. Control at crossing situations 

E. Lane, ramp, and roadway control 

F. Priced or other types of managed lanes 

G. Travel times 

H. Warning situations 

I. Traffic regulations 

J. Speed control 

K. Destination guidance  

Option: 

02 Changeable message signs may be used by State and local highway agencies to display safety 

messages, transportation-related messages, emergency homeland security messages, and America’s 

Missing: Broadcast Emergency Response (AMBER) alert messages. 

Standard: 

06 When a CMS is used to display a safety, transportation-related, emergency homeland 

security, or AMBER alert message, the display format shall not be of a type that could be 

considered similar to advertising displays. 
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Section 2L.03 Legibility and Visibility of Changeable Message Signs 

Guidance: 

04 Changeable message signs used on roadways with speed limits of 55 mph or higher should be 

visible from 1/2 mile under both day and night conditions. The message should be designed to be 

legible from a minimum distance of 600 feet for nighttime conditions and 800 feet for normal 

daylight conditions. When environmental conditions that reduce visibility and legibility are present, 

or when the legibility distances stated in the previous sentences in this paragraph cannot be 

practically achieved, messages composed of fewer units of information should be used and 

consideration should be given to limiting the message to a single phase (see Section 2L.05 for 

information regarding the lengths of messages displayed on changeable message signs). 

 

Section 2L.04 Design Characteristics of Changeable Message Signs 

Standard: 

01 Changeable message signs shall not include advertising, animation, rapid flashing, 

dissolving, exploding, scrolling, or other dynamic elements. 
Guidance: 

04 CMS should be limited to no more than three lines, with no more than 20 characters per line. 

05 The spacing between characters in a word should be between 25 to 40 percent of the letter height. 

The spacing between words in a message should be between 75 and 100 percent of the letter height. 

Spacing between the message lines should be between 50 and 75 percent of the letter height. 

06 Except as provided in Paragraph 18, word messages on changeable message signs should be 

composed of all upper-case letters. The minimum letter height should be 18 inches for changeable 

message signs on roadways with speed limits of 45 mph or higher. The minimum letter height should 

be 12 inches for changeable message signs on roadways with speed limits of less than 45 mph. 

 Support: 

07 Using letter heights of more than 18 inches will not result in proportional increases in legibility 

distance. 

 Standard: 

10 Changeable message signs shall automatically adjust their brightness under varying light 

conditions to maintain legibility. 

 Guidance: 

11 The luminance of changeable message signs should meet industry criteria for daytime and 

nighttime conditions. Luminance contrast should be between 8 and 12 for all conditions. 

12 Contrast orientation of changeable message signs should always be positive, that is, with 

luminous characters on a dark or less luminous background. 

 

Standard:  

16 If a green background is used for a guide message on a CMS or if a blue background is used 

for a motorist services message on a CMS, the background color shall be provided by green or 

blue lighted pixels such that the entire CMS would be lighted, not just the white legend.  

 Support:  

17 Some CMS that employ newer technologies have the capability to display an exact duplicate of a 

standard sign or other sign legend using standard symbols, the Standard Alphabets and letter forms, 

route shields, and other typical sign legend elements with no apparent loss of resolution or 

recognition to the road user when compared with a static version of the same sign legend. Such signs 

are of the full-matrix type and can typically display full-color legends. Use of such technologies for 

new CMS is encouraged for greater legibility of their displays and enhanced recognition of the 

message as it pertains to regulatory, warning, or guidance information. 

 



 

4 

 

Section 2L.05 Message Length and Units of Information 

Guidance: 

01 The maximum length of a message should be dictated by the number of units of information 

contained in the message, in addition to the size of the CMS. A unit of information, which is a single 

answer to a single question that a driver can use to make a decision, should not be more than four 

words. 

Standard: 

04 Each message shall consist of no more than two phases. A phase shall consist of no more 

than three lines of text. Each phase shall be understood by itself regardless of the sequence in 

which it is read. Messages shall be centered within each line of legend. Except for signs located 

on toll plaza structures or other facilities with a similar booth-lane arrangement, if more than 

one CMS is visible to road users, then only one sign shall display a sequential message at any 

given time. 

05 Techniques of message display such as fading, rapid flashing, exploding, dissolving, or 

moving messages shall not be used. The text of the message shall not scroll or travel 

horizontally or vertically across the face of the sign. 

Guidance: 

06 When designing and displaying messages on changeable message signs, the following principles 

relative to message design should be used: 

A. The minimum time that an individual phase is displayed should be based on 1 second per 

word or 2 seconds per unit of information, whichever produces a lesser value. The display 

time for a phase should never be less than 2 seconds. 

B. The maximum cycle time of a two-phase message should be 8 seconds. 

C. The duration between the display of two phases should not exceed 0.3 seconds. 

D. No more than three units of information should be displayed on a phase of a message. 

E. No more than four units of information should be in a message when the traffic operating 

speeds are 35 mph or more. 

F. No more than five units of information should be in a message when the traffic operating 

speeds are less than 35 mph. 

G. Only one unit of information should appear on each line of the CMS. 

H. Compatible units of information should be displayed on the same message phase. 

 

Section 2H.08 Acknowledgment Signs 

Guidance: 

08 Acknowledgment signs should clearly indicate the type of highway services provided by the 

sponsor. 

Standard: 

09 In addition to the general provisions for signs described in Chapter 2A and the sign design 

principles covered in the “Standard Highway Signs and Markings” book (see Section 1A.11), 

acknowledgment sign designs developed by State or local highway agencies shall comply with 

the following provisions: 

A. Neither the sign design nor the sponsor acknowledgment logo shall contain any contact 

information, directions, slogans (other than a brief jurisdiction-wide program slogan, if 

used), telephone numbers, or Internet addresses, including domain names and uniform 

resource locators (URL); 

B. Except for the lettering, if any, on the sponsor acknowledgment logo, all of the lettering 

shall be in upper-case letters as provided in the “Standard Highway Signs and 

Markings” book (see Section 1A.11); 

C. In order to keep the main focus on the highway-related service and not on the sponsor 

acknowledgment logo, the area reserved for the sponsor acknowledgment logo shall not 
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exceed 1/3 of the total area of the sign and shall be a maximum of 8 square feet, and shall 

not be located at the top of the sign; 

D. The entire sign display area shall not exceed 24 square feet; 

E. The sign shall not contain any messages, lights, symbols, or trademarks that resemble 

any official traffic control devices; 

F. The sign shall not contain any external or internal illumination, light-emitting diodes, 

luminous tubing, fiber optics, luminescent panels, or other flashing, moving, or animated 

features; and 

G. The sign shall not distract from official traffic control messages such as regulatory, 

warning, or guidance messages. 

The selected extracts from the current MUTCD above identify a number of factors for an 

agency to consider when developing a CMS program, including the uses for CMSs, guidelines to 

support visibility, installation of signs, and content and format of the information on the sign. 

Guidelines for acknowledgment signs relate to the appearance of the logo, the amount of space 

the acknowledgment logo occupies, and the use of illumination on the sign. The research team 

used all of these standards, guidance, and support statements for the design of the signs used in 

this study. 

STUDY DESIGN 

The main advantage of new light-emitting diode (LED) signs is that they are capable of 

displaying complex graphics. The signs are big enough and the resolution is high enough that the 

sign can be segmented to have different areas of the sign used for different purposes. The 

abilities to display graphics and use portions of the sign for different purposes make it possible to 

allocate a portion of the sign to a sponsor logo. It is anticipated that when sponsorships are used, 

the sponsor logo will occupy one-third of a sign’s horizontal space. The effects of sponsorship 

logos on sign legibility and the ability of drivers to see potential hazards were the principal areas 

of focus in this study. This chapter describes the design of the study, which involved having 

participant drivers on a closed course complete two tasks: reading sign messages and identifying 

potential hazards in the roadway while approaching a sign. 

Research Questions 

The ability to display changing messages, sponsorship logos, and different background 

colors led to several research questions related to the design and brightness of these signs and 

their effect on legibility of the travel-related message on the sign. Specifically, there were three 

research questions associated with legibility in this study: 

1. Does the use of a sponsor logo affect sign legibility? 

2. Does the color or brightness of a sponsor logo affect a sign’s legibility? 

3. Does the background color of a safety message sign affect legibility? 
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LED signs are capable of producing more light than what is produced by a vehicle’s 

headlamps and reflected back to a driver from a retroreflective traffic sign. Previous research (3) 

has investigated the possibility of signs being too bright and affecting either sign legibility or the 

driver’s ability to see road hazards. With bright LED signs, this problem may also exist, 

introducing a need to assess whether an LED sign impacts the ability of a driver to detect 

possible roadway hazards near the sign. This study investigated the following five questions 

associated with the impact of LED signs on the visibility of hazardous objects near the sign: 

1. Does a CMS affect a driver’s ability to detect roadway hazards? 

2. Does the use of a sponsor logo affect a driver’s ability to detect hazards? 

3. Does the color or brightness of a sponsor logo affect the ability to detect hazards? 

4. Is the effect of a sponsor logo on the ability to detect a hazard dependent upon the 

location of the hazard, either before or after the sign? 

5. Does dual phasing for signs (whether only the message changes, only the logo 

changes, or both change) affect the visibility of hazards? 

Glare from the CMS may affect visibility for objects located before and after the sign, but 

the sign can also illuminate objects in front of it. These differences support the testing of 

hazardous objects placed both before and after the sign. 

Two variables affecting answers to the above questions that were considered in the study 

were the time of day and age of the driver. The study was accordingly conducted during both 

daytime and nighttime conditions and with old and young drivers. 

Closed-Course Setup 

Researchers addressed the first group of questions by having study participants read signs 

with various messages. The second group was addressed by having the study participants also 

identify objects on the side of the road near the sign. The study was executed at the Riverside 

Campus of Texas A&M University on a runway no longer used by aircraft. Two LED signs were 

installed near opposite ends of the runway, separated by approximately 2,500 ft. The signs were 

placed 20 ft directly above the defined driving lane. The signs were Daktronics model 

Vanguard® VF-2420-96x400-20-RGB. Dimensionally, the signs were 7 ft 10 in. tall and 

28 ft 5 in. wide with an 8-in. border all around, yielding an active display area of 6 ft 6 in. by 

27 ft 1 in. The sign had 20-mm (0.81-in.) pixels in an array of 96 rows by 400 columns. The 

signs were arranged on opposite ends of an oval north/south loop with approximately 3,000 ft of 

straight approach distance to each sign. The north and south travel lanes were spaced 200 ft apart 

laterally. The sign structures were wide enough that the test vehicle could pass directly 

underneath each sign. The drivers were instructed to navigate the course at 30 mph. The travel 

lanes were marked with retroreflective raised pavement markers and retroreflective lane striping. 

While approaching each sign, the participants were instructed to read a target word (e.g., 

second word on the first line) of each sign message at the earliest possible location and time. 

Sign legibility was assessed by measuring the distance from the sign at which the driver correctly 
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read it. In addition to the legibility task, the drivers completed the task of identifying the location 

of a target hazardous object, also at the earliest moment possible. Each hazardous object was 

placed to the left or right of the driving lane at one of two test locations: 200 ft before the sign 

and 100 ft after the sign. These distances were chosen based on photometric measurements of the 

amount of illumination provided to the pavement by the sign. The amount of light cast onto the 

pavement peaked at 200 ft in front of the sign, so this location was selected as an extreme value 

for any benefit or disbenefit due to illumination of the object by the sign. The sign produced no 

additional illumination 100 ft behind the sign. Based on previous studies using similar target 

objects, the research team anticipated that detection distances would be approximately 300 ft at 

night. With peak brightness at 200 ft in front of the sign, an object located 100 ft after the sign 

may be disadvantaged due to glare from the sign affecting the driver at 200 ft. 

There were three primary target objects in the task of identifying hazards near the sign. 

The objects were a tire, a box, and a deer. Three other objects—a traffic cone, a shoe, and a 

chair—were placed in other locations as distractor objects to provide drivers an additional visual 

search task to find the target object among the distractors. Object detection distances were also 

obtained when the objects were placed at a control location of 1,500 ft from the sign, too far 

from the sign for the visibility to be affected by glare. Figure 1 shows an illustration of the 

physical setup of the study. The letters A–E in Figure 1 represent the locations where the target 

objects were placed. Not every position was occupied by an object for each lap. Figure 2 shows 

pictures of the objects used for the object detection task (box, tire, and deer). The objects were 

always located 2 ft outside of the driving lane. 
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Figure 1. Overview of the Arrangement of the Study Signs and Target Objects. 
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(a) 

 

 
(b) 

 

 
(c) 

 

Figure 2. Target Objects: (a) Box, (b) Tire, and (c) Deer. 
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Experimental Design 

Table 1 summarizes the independent variables evaluated in this research. Not every 

combination of the variables was investigated. For example, phasing was only tested with safety 

messages, and the background color of sponsor logos was only relevant if a logo was used. The 

research team tested 13 types of signs based on the combinations of sign category, background 

color, phasing, use of a sponsor logo, and color of the sponsor logo. A blank sign (a control 

condition representing a sign that was off) increased the number of tested types of signs to 14. 

With 14 types of signs, three objects, and two test locations for the objects, there were 84 

possible combinations of sign type, object, and placement location that a driver could experience. 

Table 1. Primary Independent Variables. 

Variable Levels Possible Conditions 

Sign Category 2 Travel Time Message; Safety Message 

Background Color (safety message only) 2 Black; Blue 

Phasing (safety message only) 2 Single; Dual 

Sponsor Logo 2 Logo; No Logo 

Background Color of Sponsor Logo 2 White; Dark 

Object 3 Box; Tire; Deer 

Location of Object 2 200 ft before Sign; 100 ft after Sign 

Time of Day 2 Day; Night 

Participant Age Group 2 Old; Young 

 

Presenting 84 combinations of sign type, object, and object location to each subject 

during both the daytime and nighttime visits would be unreasonably taxing on the subjects. It 

would also limit the number of participants that could be tested with the resources allocated for 

the study. Each subject participated in the complete study during both the day and night. Instead 

of having the participants view every type of sign six times (for three test objects × two 

locations) on each visit, researchers assigned the participants to one of three groups for each 

visit, day and night. Each group viewed every type of sign twice, each time paired with a 

different object and placement location for the two viewings. The blank sign was only viewed 

once and always paired with a deer 100 ft after the sign. Table 2 shows the pairings for the three 

groups. Every participant read the same sign regardless of the group, but the sign/object/location 

pairings within each group were unique to that group. 
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Table 2. Sign and Object Pairings for Participants Assigned to Groups 1–3. 
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No Logo 
1 Deer E Tire E Box E 

2 Box C Deer C Tire C 

Dark 
3 Deer E Tire E Box E 

4 Box C Deer C Tire C 

White 
5 Deer E Tire E Box E 

6 Box C Deer C Tire C 
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No Logo 
7 Tire E Box E Deer E 

8 Deer C Tire C Box C 

Dark 
9 Tire E Box E Deer E 

10 Deer C Tire C Box C 

White 
11 Tire E Box E Deer E 

12 Deer C Tire C Box C 
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No Logo 
13 Box E Deer E Tire E 

14 Tire C Box C Deer C 

Text Changes 
15 Box E Deer E Tire E 

16 Tire C Box C Deer C 

Logo Change 
17 Box E Deer E Tire E 

18 Tire C Box C Deer C 

Both Change 
19 Box E Deer E Tire E 

20 Tire C Box C Deer C 
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No Logo 
21 Deer E Tire E Box E 

22 Box C Deer C Tire C 

Dark 
23 Deer E Tire E Box E 

24 Box C Deer C Tire C 

White 
25 Deer E Tire E Box E 

26 Box C Deer C Tire C 

B
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— — No Logo 27 Deer E Deer E Deer E 

*Location C was 200 ft before the sign and E was 100 ft after the sign, consistent with Figure 

1. 
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Experiment Signs 

There were two categories of sign messages evaluated using CMSs: travel time messages 

and safety messages. Travel time messages communicate an estimated time to reach a 

destination. In this study, the destinations were identified as routes on the U.S. highway or 

interstate systems. Safety reminder messages are presented on CMSs when there is no incident or 

AMBER Alert information to be displayed. Testing legibility of safety message signs in this 

study did not include real safety messages. The safety messages were groups of six words 

unrelated to driving, each six letters in length. Using these unrelated words meant the reading 

task relied upon legibility rather than recognition and equalized the difficulty of the legibility 

task across all the various combinations of logos and background colors. The six-letter words 

were selected from previous studies of sign legibility.  

The experimenter instructed the subject to read a target word by indicating its position on 

the sign (e.g., “read the second word on the third line”). For the travel time signs, the study 

participants were instructed to read the travel time for a given route (e.g., “how long will it take 

to get to Interstate 75?”). The legibility distance was the distance from the sign at which the 

study driver correctly read the assigned time or target word. 

Experimental Design 

As Table 1 showed, the study was designed to test the following sign variables: presence 

of a sponsor logo, type of background (light or dark) of the sponsor logo, background color of 

the sign message (black or blue for safety messages), and use of dual phases for safety messages. 

There were four types of dual-phase safety signs: (a) changing text with no sponsor logo, (b) 

changing text with a steady sponsor logo, (c) steady text with a changing sponsor logo, and (d) 

changing text with a changing sponsor logo. Dual phasing was tested only on signs with a black 

background. These different combinations of dual phasing were included primarily to investigate 

the effect on object detection due to sudden changes in sign brightness. 

The same sign messages were used during daytime and nighttime testing for every 

participant, but a different target word or travel time was assigned to ensure the reading task still 

involved legibility. Pictures of the tested sign messages are shown in Figure 3 and Figure 4, split 

by whether the sign was displayed in one or two phases. There were nine types of single-phase 

signs (three types of signs or background colors with three types of logos) and four types of dual-

phase signs. Each type of sign was displayed twice, each time with a different message. The 

blank sign was displayed only once for each participant. 
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Figure 3. Pictures of All Single-Phased Signs in the Study. 
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Text/Logo Changing Messages (8-Second Cycle) 
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Figure 4. Pictures of All Dual-Phased Signs in the Study. 

Luminance Measurements 

Each of the DMS messages was photometrically measured at the test course at night. The 

photometric measurements were completed using the Prometric 1613F-1 photometer and 
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colorimeter from Radiant Vision Systems. The heart of this device is a thermally controlled 

charge-coupled device (CCD) 16-bit-depth monochromatic imaging chip with 1024 by 1024 

pixels. This imaging chip allows a user to take a full image photograph that can be 

photometrically analyzed using special calibrations and the Prometric software. The chip is 

maintained to below 7°C to minimize measurement noise caused by temperature variation. This 

equipment will be referred to as the PM1613 from here forward. The PM1613 contains a 

motorized color wheel, and the equipment has been calibrated to accurately calculate CIE color 

in addition to luminance.  

The PM1613 was installed inside the study vehicle, a 2006 Toyota Highlander, in a 

position to simulate a participant’s perspective (Figure 5). Measurements were taken of each sign 

at 540 ft away, and a subset of measurements was taken of three of the objects at varying 

distances. Only one distance was used for imaging the signs because the luminance was constant 

over the recorded legibility distances. The specific distance of 540 ft was selected based upon a 

legibility index of 30 ft of viewing distance for every 1 in. of letter height, and the letter heights 

were 18 in. The luminance output of the signs was fixed at 1 percent of their output, which is the 

typical value of the signs’ auto-dimming sensor system set for nighttime viewing. Also, the signs 

were not retroreflective, so there would not have been a perceptible impact of vehicle headlamps 

on the signs with respect to distance. 

Table 4 presents the luminance values. For comparison, a traditional freeway sign with 

Type XI retroreflective white sheeting would produce a luminance value of 20–25 cd/m2 at a 

comparable distance when viewed from a sports utility vehicle with market-weighted average 

headlamps. The values in Table 4 are all within or above this range of luminance values. 

The tire, box, and deer were the three objects measured. These measurements followed 

the same protocol as a previous study of work zone lighting that used some of the same objects 

(4).  These objects are commonly seen on roadways in Texas, and they have been used in 

previous research, which would allow for cross comparisons between studies. While there were 

various locations that the objects were placed, detection data were only collected at 200 feet in 

front of and 100 feet behind the signs, so the researchers only photometrically characterized 

these objects at those distances. Each object was measured at a left and right road-side position 

as well for those distances, because the objects were placed to the left and right of the vehicle. 

The data reported here are the average of those two lateral positions. The photometric equipment 

was positioned 100 feet from the object location and a 300 mm lens was used.  Each of the 

objects was measured with the messages that contained the brightest logo and the dimmest logo. 

An additional measurement was taken when the sign was off to establish a base-line condition. In 

addition, a measurement was done 1500 feet from the sign at the control detection point with the 

sign off to ensure there was no difference in different areas of the track.  Table 3 shows the 

luminance values for the three objects at the two test positions in front of and behind the sign as 

well as at the control position.   
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Table 3. Luminance (cd/m2) for Roadway Hazard Objects as a Function of Sign State. 

 
 

 

 

 
Figure 5. Photometric Camera Installed in Research Vehicle. 

Table 4. Luminance Values for CMS Messages at Nighttime Setting. 

    Luminance (cd/m2) 

Message Text 

Color 

Background 

Color 

Logo Logo 

Only 

Message  

(Logo Present) 

Whole 

Sign 

Ticket Hourly White Black Exxon 22.86 26.65 24.95 

Dinner Degree White Black Ford 89.55 28.71 47.75 

Police Blouse White Black Goodyear 11.30 27.72 22.00 

Ticket Hourly White Black Harley Davidson 78.41 26.72 42.94 

Asleep Cousin  White Black La Quinta 62.76 28.18 39.02 

Depend Window White Black Taco Bell 22.65 28.81 26.26 

Pulled Lights White Black Wells Fargo 25.31 26.49 25.61 

Weight Branch White Black None 15.25 20.19 18.61 

Checkboard White Black None 60.61 61.12 61.09 

-100 ft 200 ft 1500 ft -100 ft 200 ft -100 ft 200 ft

Box 1.746 1.643 1.924 1.761 1.686 1.741 1.675

Deer 0.454 0.342 0.351 0.463 0.384 0.462 0.365

Tire 0.115 0.111 0.134 0.119 0.141 0.114 0.123

Sign Off Brightest Logo Dimmest Logo
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Answer Thirty White Blue Chili’s 93.84 30.56 50.35 

Beauty Bigger  White Blue Nationwide 29.21 32.04 30.56 

String Settle White Blue None 16.12 22.02 20.08 

Travel Time White Green Shell 98.73 28.20 50.39 

Travel Time White Green Southwest 57.01 29.10 37.57 

Travel Time White Green None 20.19 21.81 21.45 

None NA Black None 0.00 0.00 0.00 

 

Method 

Equipment 

The study participants drove a 2006 Toyota Highlander equipped with eye-tracking 

cameras and a global positioning system (GPS) receiver. A computer in the rear of the vehicle 

stored the data. Pictures of the vehicle and equipment in the vehicle are shown in Figure 6. A 

researcher operated the instrumentation in the vehicle and was responsible for logging the 

locations of sign legibility and object detection. The distances were based on the data collected 

by the GPS receiver. 

 
Figure 6. Study Vehicle and Instrumentation for Collecting Data. 

Participants and Sample Size 

The analyzed data in this study were collected from 30 people recruited to participate in 

the study, evenly split into young and old age groups. There were seven or eight males and 

females in each group. The ages of the young drivers were 18–36 years (average 25.7), and the 

ages of the old drivers were 57–85 years (average 70.1 years). Each participant was asked to 

drive the course during two different time periods (day and night). To counterbalance the 

learning effect that occurs from the first visit to the second, half of the recruited subjects 

participated at night first and the other half participated during the day first.  
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Each participant completed tests of visual acuity, color blindness, and contrast sensitivity. 

No participant was turned away for inadequate vision. Figure 7 shows the distribution of visual 

acuities for the participants. 

 
Figure 7. Distribution of Measured Visual Acuity of the Participant Drivers. 

With data from 30 drivers that viewed signs and test objects 27 times during both the 

daytime and nighttime experiments, the study design provided the potential for 1,620 total 

observations. Table 5 provides summaries of the number of times each hazard was viewed and at 

each test location (200 ft before the sign or 100 ft after the sign) based on the information in 

Table 2. Each participant viewed 13 objects 200 ft before the sign and 14 objects 100 ft after the 

sign. Though each participant viewed each hazard an equal number of times, there was a near 

balance in the total number of views when added across the three groups. The box was viewed 

517 times, the tire 522 times, and the deer 581 times. The deer was viewed more because it was 

the only object paired with the blank sign. After eliminating data that were not usable due to 

experiment error, there were 1,530 legibility distances and 1,582 object detection distances of the 

1,620 total possible observations. 
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Table 5. Number of Object Viewings within and across Groups. 

Group 

 

Location Box Tire Deer Total 

Group 1 
C (200 ft in front of sign) 6 4 3 13 

E (100 ft behind sign) 4 3 7 14 

Participants Object Viewings per Participant 10 7 10 27 

Daytime: 10 Total Daytime Object Viewings 100 70 100 270 

Nighttime: 9 Total Nighttime Object Viewings 90 63 90 243 

       
Group 2 

C (200 ft in front of sign) 4 3 6 13 

E (100 ft behind sign) 3 6 5 14 

Participants Object Viewings per Participant 7 9 11 27 

Daytime: 11 Total Daytime Object Viewings 77 99 121 297 

Nighttime: 10 Total Nighttime Object Viewings 70 90 110 270 

       
Group 3 

C (200 ft in front of sign) 3 6 4 13 

E (100 ft behind sign) 6 4 4 14 

Participants Object Viewings per Participant 9 10 8 27 

Daytime: 9 Total Daytime Object Viewings 81 90 72 243 

Nighttime: 11 Total Nighttime Object Viewings 99 110 88 297 

       Total Viewings 517 522 581 1,620 

 

Procedure 

Appendix B contains a summary of the actions the researchers completed with each 

participant, from the start when they greeted the participant to the end when they escorted the 

participant out of the facility. This section identifies the specific procedures that involved the 

data used in the analyses presented in Chapter 3. 

While navigating the course, each participant did the following while approaching each 

sign: 

a. Indicated “left” or “right” when the participant was able to determine the side of the 

lane where the stated control object was placed. 

b. Read the assigned travel time or target word on the sign. 

c. Indicated “left” or “right” when the participant was able to determine the side of the 

lane where the stated target object was placed. 

The participant was asked to do each of the above steps as soon as he or she could detect 

the assigned object or read the assigned word or travel time with a reasonable level of accuracy. 

The participants were allowed to correct mistakes. Instructions for the legibility task (b) and 
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object detection task (c) were both given after the driver completed the first task (a). They could 

be completed in any order. 

When the participant correctly identified an object (a and c) or read the sign (b), the 

researcher in the vehicle immediately marked in the continuous GPS data stream that the task 

was completed. The notations in the GPS data stream were later used to identify the object 

detection and legibility distances when processing the data. With each lap, the researchers 

rearranged the objects and displayed different signs based on the ordering shown in Appendix A. 

Each participant was randomly assigned an ordering for the daytime visit and a different ordering 

for the nighttime visit. 

Data Handling 

The focus of this study was the assessment of a full-matrix color CMS in terms of 

legibility of the sign and its effects on the visibility of objects near the sign at night. The 

measures of effectiveness were the legibility distance (the distance from where the participant 

correctly read the target word or travel time to the sign) and the object detection distance (the 

distance from where the participant correctly identified the test object to the object’s location). 

The effects on legibility distance and object detection distance were attributed to different 

elements of the signs, including the type of sign (a travel time sign or a type of safety sign), the 

use of a logo, and the background color of the logo. With categorical variables, the results 

presented in Chapter 3 were derived from analyses of variance (ANOVAs) that identified the 

effects of sign elements on the two measures of interest. Variables included in the analyses that 

were not specific to the signs or logos were the time of day (day or night), age group of the 

participant (young or old), object used in the detection task (box, deer, or tire), placement 

location of the object (before or after the sign), and direction of the approach to the sign (north or 

south). 

RESULTS 

This chapter describes the analyses of the data collected during the Riverside closed-

course study. The dependent variables in the data were the detection and legibility distances 

obtained from the two primary tasks assigned to the drivers: reading a target word or travel time 

on the CMS and detecting an object near the driving lane. Legibility distance was measured as 

the distance from the sign when the driver correctly read the target word or travel time. The 

detection distance was measured as the distance from the object when the driver correctly 

announced the location of the object (left or right side). The independent variables used to 

answer the research questions were sign type, logo presence, logo background color (when there 

was a logo), and object location (referring to whether the target object was located 100 ft behind 

the sign or 200 ft in front of the sign). Other independent variables, such as age group or time of 

day, were included where appropriate but were not necessarily the focus of the research. 
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The sections below are organized as follows. The first section presents cumulative 

distribution plots of the legibility distances for the four types of signs (black single phase, black 

dual phase, blue single phase, and travel time), followed by cumulative distribution plots of the 

object detection distances for the three objects (box, deer, and tire) at night. The plots for 

detection distance are divided based on where the target object was located, corresponding to 

Points A, C, and E in Figure 1. The two test locations were 200 ft in front of and 100 ft behind 

the sign. A third location was 1,500 ft in front of the sign. Though not included in the ANOVAs, 

the detection distances for the objects 1,500 ft from the sign were comparable to the control data, 

where the data were assumed to not be affected by the CMS. Following the section with the 

distribution plots is a description of the analyses of the legibility distance. That section is 

followed by a discussion of the analyses of the object detection distances. The analyses were 

mixed-effects ANOVAs, with each participant included as a random effect. 

Data Distributions 

Figure 8 and Figure 9 show cumulative distribution plots of the legibility distances and 

object detection distances, respectively. The plots in Figure 8 show legibility distances of each 

type of sign for (a) daytime conditions, and (b) nighttime conditions. The plots in Figure 9 show 

detection distances for the (a) box, (b) deer, and (c) tire when the object was placed at the control 

location 1,500 ft in front of the sign or a test location 200 ft in front of or 100 ft behind the sign. 
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(a) Daytime Legibility Distance (ft) 

 
(b) Nighttime Legibility Distance (ft) 

 

Figure 8. Cumulative Distribution Plots of Legibility Distances for the Four Sign Types by 

(a) Day, and (b) Night. 
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(a) Box Detection Distance (ft) 

 
(b) Deer Detection Distance (ft) 

 
(c) Tire Detection Distance (ft) 

 

Figure 9. Cumulative Distribution Plots of Detection Distances for the (a) Box, (b) Deer, 

and (c) Tire at Night. 
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Figure 8 shows that legibility distances were longest for the safety signs (black single 

phase, black dual phase, and blue single phase) and shortest for the travel time signs. The notable 

difference is a reflection of the way the participants read the assigned route on the travel time 

signs. Researchers asked participants to read the travel time to, for example, “Highway 58” or 

“Interstate 25,” and many participants would wait until they could read the smaller route number 

within the symbol—58 or 25—rather than rely on the shape of the symbol that is unique to the 

highway or interstate routes. The legibility distances for travel time signs were therefore not 

shorter because drivers could not read the travel time as easily but because of the smaller number 

within the route symbols. It is likely that the legibility distances for travel times would be 

different if the routes on the travel time signs were familiar to the drivers or the numerals in the 

shields were equivalent to the safety message sign words.  

One way to think about legibility is to consider legibility index, which expresses 

legibility distance as feet of legibility distance per unit of inch of letter height. This standard 

metric allows results of different studies using different sized signs to be compared. 

Section 2A.13 of the MUTCD recommends a minimum legibility index of 30 ft/in (1). The 

results of the legibility test for the safety signs (18-in. letters) showed a median legibility index 

of approximately 60 ft/in during the day and 45 ft/in. at night. For the travel time signs, the 

median legibility index was approximately 52 ft/in. during the day and 40 ft/in. at night. 

Considering the even balance of young and old drivers, these average legibility indexes are 

notably high. Values for legibility index of retroreflective signs as measured in related studies 

tend to be in the range of 30–50 ft/in., depending on age group. Such a difference between the 

CMSs and retroreflective signs may be attributed to the constant and relatively high luminance 

from a CMS compared to a retroreflective sign illuminated by headlamps. 

The distribution plots for the deer, shown in Figure 9, excluded observations from 

detecting the deer behind the sign when the sign was off. All the observations for the three 

objects at the test locations thus represented conditions of the sign being on. As shown in Figure 

9, the detection distances for the deer and box were consistently shorter near the sign than at the 

control location 1,500 ft from the sign. This was likely an effect of glare from the sign regardless 

of whether there was a logo present on the sign. When those objects were behind the sign, the 

detection distance was longer than when they were in front of the sign. This relationship was not 

consistent with detection of the tire, whose detection distance was greatest when the tire was in 

front of the sign and shortest at the control location. The tire was a low-contrast object when 

viewed against the pavement at night. It is likely that the increase in detection distance for the 

tire when it was in front of the sign was due to illumination provided by the sign. Further details 

of this analysis are presented in later sections. 

Analyses of Legibility Distance 

The researchers observed throughout the study that the task of reading a travel time sign 

differed from the task of reading a safety sign because many participants waited until the number 
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within the route symbol was legible before they identified the travel time. Such a clear difference 

led to analyzing legibility distance for the travel time and safety signs separately. The sections 

below present the separate analyses, which first investigated the effects of having a sponsor logo 

(using the variable logo presence) before investigating the effects of specific logo background 

colors. The logo background color was analyzed only if the first ANOVA showed that the logo 

presence significantly affected legibility. Daytime and nighttime data were analyzed together 

with time of day as an independent variable. 

The mixed-effects ANOVAs presented in the sections below were reduced models that 

only included significant effects. Appendix C shows each original mixed-effects model with all 

factors and interactions. Fixed effects included the following: 

 Logo presence (no logo or logo). 

 Logo background color (dark, dark/white [for dual phasing], or white), only used if 

the variable logo presence was significant. 

 Sign type (black single phase, black dual phase, and blue single phase), only used 

when analyzing the safety signs. 

 Age group (young or old). 

 Time of day (day or night). 

Travel Time Signs 

Effect of Logo Presence 

Table 6 shows the results of the reduced model from the mixed-effects ANOVA testing 

the legibility of travel time signs. The results from the full model with the significance levels of 

all effects are shown in Appendix C. As shown in Table 6, there was no significant effect of logo 

presence or any interaction of logo presence with another variable, indicating that sponsor logos 

had no impact on the legibility of travel time signs. Age group and time of day, however, did 

affect legibility of travel time signs. Values for the least square means of the model and the 

Tukey Honest Significant Difference (HSD) test based on the reduced model are shown in Table 

7. For the Tukey test, levels of a variable not connected by the same letter were significantly 

different. 
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Table 6. Mixed-Effects ANOVA Testing Legibility of Travel Time Signs (Reduced Model). 

Fixed Effect DF F Ratio Prob > F 

Time of Day 1 190.117 <0.0001 

Age Group 1 8.862 0.0059 

Age Group * Time of Day 1 5.422 0.0205 

Table 7. Least Square Means and Tukey HSD Test from the Mixed-Effects ANOVA 

Testing Legibility of Travel Time Signs. 

Effect 
Least Square 

Mean 

Standard 

Error 

Tukey HSD 

Test 
Time of Day     

 Day 920.7 42.1     

 Night 699.1 42.2     

Age Group     

 Young 933.1 58.5     

 Old 686.7 58.5     

Age Group * Time of Day     

 Day, Young 1062.6 59.6 A    

 Night, Young 803.6 59.6  B C  

 Day, Old 778.8 59.6  B   

 Night, Old 594.6 59.7   C  

 

From the least square mean values shown in Table 7, the average legibility distance was 

about 920 ft during the day, but only 700 ft at night. These values correspond to legibility indices 

of about 51 and 39 ft/in, respectively. With the effect of the age group and the interaction of age 

group with time of day, the mean legibility distance ranged from about 595 to 1,060 ft, 

depending on the two variables. These distances translate to legibility indices of 33 ft/in for old 

drivers at night and 59 ft/in for young drivers during the day. Based on the Tukey test, legibility 

distance for young drivers at night was not statistically different from that of old drivers at night. 

Note that these values are all above the MUTCD minimum legibility index of 30 ft/in. 

Effect of Logo Background Color 

Models with logo background were not investigated because the effect of logo presence 

was not significant. 

Safety Signs 

Effect of Sign Type and Logo Presence 

Table 8 shows the results of the reduced model from the mixed-effects ANOVA testing 

the legibility of safety signs. The results from the full model with the significance levels of all 

effects are shown in Appendix C. The analyses included the variable sign type to represent the 

three different types of safety signs investigated—black single phase, black dual phase, and blue 

single phase—describing the background color of the sign and the number of phases in its 
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message. Sign type and logo presence were significant effects, as shown in Table 8, and included 

interactions between themselves. The interaction meant that the effect of a logo changed when 

paired with certain types of signs. Values for the least square means and the Tukey HSD test 

based on the reduced model are shown in Table 9. 

Table 8. Mixed-Effects ANOVA Testing Legibility of Safety Signs (Reduced Model). 

Fixed Effect DF F Ratio Prob > F 

Time of Day 1 599.147 <0.001 

Age Group 1 12.758 0.0013 

Sign Type 2 8.068 0.0003 

Logo Presence 1 16.387 <0.0001 

Age Group * Time of Day 1 6.008 0.0144 

Sign Type * Logo Presence 2 8.979 0.0001 

 

Table 9. Least Square Means and Tukey HSD Test from the Mixed-Effects ANOVA 

Testing Legibility of Safety Signs. 

Effect 
Least Square 

Means 

Standard 

Error 

Tukey HSD 

Test 
Time of Day    

 Day 1067.0 38.7    

 Night 871.6 38.7    

Age Group    

 Young 1106.6 54.4    

 Old 832.1 54.4    

Sign Type    

 Black Dual Phase 989.6 39.0 A   

 Black Single Phase 972.5 38.9 A   

 Blue Single Phase 946.0 39.0  B  

Logo Presence    

 No Logo 987.1 38.9    

 Logo 951.6 38.5    

Age Group * Time of Day    

 Day, Young 1214.1 54.7 A   

 Night, Young 999.1 54.7  B  

 Day, Old 920.0 54.7  B  

 Night, Old 744.1 54.7   C 

Sign Type * Logo Presence    

 Black Single Phase, No Logo 1006.8 40.3 A   

 Blue Single Phase, No Logo 986.5 40.2 A   

 Black Dual Phase, Logo 977.0 38.9 A   

 Black Single Phase, Logo 972.3 39.3 A   

 Black Dual Phase, No Logo 968.0 40.3 A   

 Blue Single Phase, Logo 905.4 39.2  B  

 

Similar to the analysis of travel time signs, the least square mean values in Table 9 show 

notable differences in the legibility for young and old drivers during the day and at night. The 

mean legibility distance for blue single-phase signs was significantly shorter than the mean 

legibility distance of the black single- and dual-phase signs, but by a difference of less than 
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5 percent. Legibility distance when a logo was used was reduced by about 3.5 percent overall. 

The Tukey test of the interaction of sign type with logo presence showed that logos significantly 

affected the legibility distance of only blue single-phase signs. Figure 10 shows a plot of the least 

square mean values for the interaction of sign type with logo presence. 

 
Figure 10. Least Square Mean Values for the Interaction of Logo Presence and Sign Type 

Illustrating That Logo Presence Was Significant Only for Blue Signs. 

Effect of Logo Background Color 

With the effect of logo presence significant in the analysis of the safety signs, the 

appropriate next step was to investigate whether or not the background color of the logo 

significantly affected legibility. This section presents the analysis of the safety signs that had a 

logo. Table 10 shows the results of the reduced model from the mixed-effects ANOVA (the full 

model is shown in Appendix C). Based on the significance values shown in Table 10, logo 

background had a significant effect on legibility distance. There was also an interaction with 

time of day, suggesting that the effect of the background color changed depending on whether or 

not the driver viewed the sign during the day or at night. Table 11 shows values for the least 

square means and the Tukey HSD test based on the reduced model.  
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Table 10. Mixed-Effects ANOVA Testing Safety Sign Legibility with Logo Background 

(Reduced Model). 

Fixed Effect DF F Ratio Prob > F 

Time of Day 1 345.805 <0.0001 

Age Group 1 13.524 0.0010 

Sign Type 2 16.952 <0.0001 

Logo Background 2 4.154 0.0161 

Time of Day * Sign Type 2 8.258 0.0003 

Time of Day * Logo Background 2 17.547 <0.0001 

Table 11. Least Square Means and Tukey HSD Test from the Mixed-Effects ANOVA 

Testing Effects of Logo Backgrounds on Safety Sign Legibility. 

Effect 
Least Square 

Means 

Standard 

Error 
Tukey HSD Test 

Time of Day      

 Day 1049.5 38.6      

 Night 859.7 38.6      

Age Group      

 Old 814.0 54.1      

 Young 1095.2 54.1      

Sign Type      

 Black Dual Phase 977.9 39.2 A     

 Black Single Phase 976.4 39.4 A     

 Blue Single Phase 909.5 39.3  B    

Logo Background      

 White 965.2 39.3 A     

 Dark/White 962.4 40.3 A     

 Dark 936.2 38.6 A     

Time of Day * Sign Type      

 Day, Black Dual Phase 1113.6 40.4 A     

 Day, Black Single Phase 1046.4 40.7  B    

 Day, Blue Single Phase 988.5 40.7   C   

 Night, Black Single Phase 906.3 40.7    D  

 Night, Black Dual Phase 842.3 40.4    D E 

 Night, Blue Single Phase 830.5 40.7     E 

Time of Day * Logo Background      

 Day, White 1117.9 40.6 A     

 Day, Dark 1024.0 39.3  B    

 Day, Dark/White 1006.5 42.5  B    

 Night, Dark/White 918.2 42.4   C   

 Night, Dark 848.4 39.3    D  

 Night, White 812.5 40.6    D  

 

The interaction of logo background with time of day in Table 11 shows how each 

background color affected legibility differently depending on whether drivers were reading the 

sign at night or during the day. During the day, the longest legibility distance occurred when the 

logo’s background color was white. At night, legibility distances were shortest when the logo’s 

background color was white. Figure 11 illustrates the least square means for the interaction of 

time of day with logo background, showing that the change in legibility distance from day to 

nighttime viewing was greatest for the logos with a white background. 
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Figure 11. Least Square Mean Values for the Interaction of Time of Day and Logo 

Background Color. 

Nighttime Object Detection 

This section presents the analyses of the effects of the CMSs on object detection 

distances at night. The first analysis describes the effects of the signs on object detection 

regardless of any message. The subsequent analyses identify the effects of specific messages 

(using the variable sign type), the use of a logo (logo presence), and the background color of the 

logo (logo background). 

Effect of CMS Presence on Object Detection 

During the 28 approaches to a CMS with the task of identifying a target object, one 

condition every participant encountered was the task of detecting the deer while the sign was off. 

For consistency, the deer was always at the same location (100 ft behind the sign) and on the 

same approach (southbound). These detection distances could be used to validate the assumption 

that the detection distances of the objects at the control location (1,500 ft from the sign) 

represented the condition of a driver viewing an object when the sign was off or there was no 

sign. The average detection distance of the deer at the control location was 305 ft. The average 

detection distance of the deer behind the sign when the sign was off was nearly identical at 

304 ft. Figure 12 shows these detection distances. The mean detection distances of the objects at 

the three locations are also shown in Figure 12 to illustrate the impacts of a CMS. 
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Note: The control point was located 1,500 ft from the sign, where it was assumed the sign had no effect on 

detection. 

Figure 12. Average Detection Distance of the Deer, Box, and Tire at Night.  

As shown in Figure 12, the average detection distance of the deer at the control location 

was nearly identical to the average detection distance when the deer was behind the sign and the 

sign was off. This equivalence supports the experimental design goal and claim that detection 

distances for the objects 1,500 ft from the sign could be reasonably used as control values for 

making comparisons with the study conditions. When the sign was on, the detection distances 

were reduced by nearly 50 ft (16 percent) if the deer was behind the sign and 85 ft (29 percent) if 

the deer was in front of the sign. The reduced detection distances when the sign was on are 

indicative of effects from glare due to the sign regardless of whether there was a logo present. 

Results of a Tukey test indicated that these reduced detection distances were significantly 

different from each other and from the two mean distances for the control location and when the 

sign was turned off. 

Like with the deer, detection distances were similarly reduced for the box near the sign. 

Mean detection distance decreased by 23 and 76 ft (6 and 20 percent) when participants viewed 

the box behind and in front of the sign, respectively. A Tukey test indicated that the detection 

distances of the box behind the sign were not different from the detection distances at the control 

location. The distances when the box was in front of the sign, however, were significantly 

different from the other two. 

For the tire, the detection distance appeared to increase by 11 percent when the tire was 

placed 100 ft behind the powered sign and 23 percent when the tire was placed in front of the 

sign, both compared to the tire at the control location. A Tukey test indicated that the detection 

distance when the tire was behind the sign was not significantly different from the detection 

distance at the control location. The increase when the tire was in front of the sign, however, was 
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significant. This increase in detection distance can be attributed to the illumination from the sign 

on the tire, despite the effects of glare. 

Effects of Sign Elements on Object Detection 

The distributions shown in Figure 9 and the averages shown in Figure 12 suggest that 

CMSs affect drivers’ ability to detect objects, whether by reducing detection distances for some 

objects (the box or deer) or increasing detection distances for others (the tire). This section 

presents the analyses that identified the effects of specific elements of the CMSs. The factors 

included the type of sign (which affects luminance), the use of a logo, and the background color 

of the logo. As with the legibility analyses, logo background color was analyzed only if the use 

of a logo significantly affected detection distances. 

The results of the mixed-effects ANOVAs described in the sections below were based on 

reduced models that included only significant effects. Each original model with all effects and 

interactions is shown in Appendix C. The detection distance of the test objects was the dependent 

variable. Fixed effects included the following: 

 Logo presence (no logo or logo). 

 Logo background color (dark, dark/white [for dual phasing], or white), only used if 

the variable logo presence was significant. 

 Sign type (black dual phase, black single phase, blue single phase, or travel time). 

 Object (box, deer, or tire). 

 Object location (200 ft before or 100 ft after the sign). 

 Age group (young or old). 

Effect of Sign Type and Logo Presence 

Table 12 shows the results of the mixed-effects ANOVA testing how logo presence and 

sign type affect object detection distance. The model contained only significant factors, reduced 

from the original mixed-effects ANOVA, as shown in Appendix C. Based on the values shown 

in Table 12, the effects that influenced detection distance the most were the object, object 

location, and age group, though logo presence and sign type were still significant factors.  
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Table 12. Mixed-Effects ANOVA Object Detection Distance (Reduced Model). 

Fixed Effect DF F Ratio Prob > F 

Logo Presence 1 5.303 0.0216 

Sign Type 3 3.172 0.0238 

Object 2 478.4 <0.0001 

Object Location 1 50.54 <0.0001 

Age Group 1 14.97 0.0006 

Logo Presence * Sign Type 3 11.48 <0.0001 

Logo Presence * Object Location 1 11.14 0.0009 

Sign Type * Object Location 3 2.670 0.0466 

Object * Object Location 2 38.84 <0.0001 

Object * Age Group 2 10.65 <0.0001 

 

Least square mean values for the model effects are shown in Table 13. While the effects 

of logo presence and sign type were significant, their effect overall was only 10–15 ft based on 

the values of the least square means. While the effects of logo presence or sign type were small, 

the interactions between the two factors were significant, suggesting that certain combinations of 

logos and signs produced different detection distances than others. 

The values for the interaction of logo presence and sign type in Table 13 show some 

inconsistent results based on object detection distance. The black single-phase sign with a logo 

resulted in shorter detection distance than the same sign without a logo; however, the black dual-

phase sign with a logo resulted in a longer detection distance than the same sign without a logo. 

The Tukey HSD test indicated that there was no unique effect of logo within each of the other 

types of signs. 
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Table 13. Least Square Means and Tukey HSD Test from the Mixed-Effects ANOVA Testing Object Detection at Night. 

Effect 

Least 

Square 

Mean 

Standard 

Error 

Tukey HSD 

Test 
Effect 

Least 

Square 

Mean 

Standard 

Error 

Tukey HSD 

Test 

Logo Presence    Logo Presence * Object Location     

 No Logo 249.0 9.8     No Logo, -100 ft 270.7 10.4 A     

 Logo 239.4 9.4     Logo, -100 ft 247.2 9.7  B    

Sign Type     Logo, 200 ft 231.5 9.7   C   

 Blue Single Phase 251.9 10.1 A    No Logo, 200 ft 227.2 10.4   C   

 Black Single Phase 249.0 10.1 A B  Sign Type * Object Location      

 Travel Time 239.2 10.1 A B   Blue Single Phase, -100 ft 261.9 10.8 A     

 Black Dual Phase 236.7 10.0  B   Black Dual Phase, -100 ft 258.3 10.6 A     

Object     Black Single Phase, -100 ft 258.1 10.9 A     

 Box 319.6 9.8 A    Travel Time, -100 ft 257.5 10.9 A     

 Deer 239.2 9.8  B   Blue Single Phase, 200 ft 241.9 10.8 A B    

 Tire 173.8 9.8   C  Black Single Phase, 200 ft 239.7 10.9 A B    

Object Location     Travel Time, 200 ft 220.8 10.9  B C   

 Behind Sign 259.0 9.6     Black Dual Phase, 200 ft 215.1 10.6   C   

 In Front of Sign 229.4 9.6    Object * Object Location      

Age Group     Box, -100 ft 351.2 10.3 A     

 Young 280.3 13.2     Box, 200 ft 287.9 10.4  B    

 Old 208.0 13.2     Deer, -100 ft 260.7 10.4   C   

Logo Presence * Sign Type     Deer, 200 ft 217.8 10.3    D  

 Black Single Phase, No Logo 268.3 11.4 A    Tire, 200 ft 182.4 10.3     E 

 Blue Single Phase, No Logo 259.8 11.4 A    Tire, -100 ft 165.1 10.4     E 

 Black Dual Phase, Logo 250.7 10.0 A B  Object * Age Group      

 Travel Time, No Logo 245.1 11.5 A B C  Box, Young 365.2 13.8 A     

 Blue Single Phase, Logo 244.0 10.4 A B C  Deer, Young 277.6 13.8  B    

 Travel Time, Logo 232.2 10.4  B C  Box, Old 273.8 13.8  B    

 Black Single Phase, Logo 229.6 10.4   C  Deer, Old 200.8 13.8   C   

 Black Dual Phase, No Logo 222.7 11.5   C  Tire, Young 198.1 13.8   C D  

        Tire, Old 149.4 13.8    D  
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The interaction of the effect object location with logo presence shown in Table 13 was 

used to answer the research question relating to whether or not the glare from a sponsor logo 

affects detection distances at one location more than another. The interaction of object location 

with sign type was also relevant because each type of sign had different levels of luminance. The 

results for these two interactions were inconsistent.  

Plots of the least square mean values of the interaction terms Logo Presence * Sign Type 

and Logo Presence * Object Location are shown in Figure 13 and Figure 14. Again, these results 

show some inconsistencies. In Figure 13, the presence of a logo was shown to reduce detection 

distances under all sign types except for the black dual-phase signs. The effect, however, was not 

significant for the blue single-phase or travel time signs. Figure 14 illustrates how the presence 

of a logo reduced detection distance only for objects located 100 ft behind the sign. Figure 15 

shows values for the interaction of sign type and object location. Travel time signs and black 

dual-phase signs had significantly shorter detection distances when objects were in front of the 

sign. Plots of least square means for other interactions are shown in Appendix C. 

 
Figure 13. Least Square Mean Values for the Interaction of Logo Presence and Sign Type. 
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Figure 14. Least Square Mean Values for the Interaction of Logo Presence and Object 

Location. 

 
Figure 15. Least Square Mean Values for the Interaction of Sign Type and Object 

Location. 

Since several two-way interactions were significant, it was worth examining three-way 

interactions. A three-way interaction of Logo Presence * Object * Object Location would 

indicate that the logos impacted object detection distance differently for each object at each of 

the two locations tested. A Tukey HSD test of the three-way interaction, shown in Appendix C, 

indicated that there was no effect of logos specific to a particular object at each location. 
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Effect of Logo Background Color 

The use of a logo was found to affect object detection distances for objects placed behind 

the sign, though a follow-up analysis identified that this relationship applied specifically to only 

the tire behind the sign. The appropriate next analysis was to investigate the effects of specific 

logo backgrounds. The analysis of the signs with logos (a full-model ANOVA is documented in 

Appendix C) could not attribute any effects of the object detection task to the background color 

of the logo. 

Summary 

The following points summarize the findings of the analyses with respect to the 

sponsoring logos and sign messages: 

 Sponsor logos had no effect on the legibility distances of travel time signs (see Table 

6). 

 Sponsor logos had a small effect on the legibility distance of safety signs based on the 

main effect, as shown in Table 9. Specifically, safety signs with a blue single-phase 

message were the only signs affected by the use of a logo (an 8 percent reduction due 

to logos; see Table 9). 

 At night, safety signs with sponsor logos that had a white background had the shortest 

legibility distances, though not significantly shorter than those with logos on a dark-

colored background (see Table 10). 

 The distance at which drivers could detect objects near a sign at night was reduced 

when the sign was on (see Figure 12). 

 The use of sponsor logos marginally impacted object detection based on the main 

effect of logo presence, as shown in Table 13. There was a significant reduction in 

detection distance due to logos when objects were placed 100 ft behind the sign. 

 There was no particular type of sign message that, when a sponsor logo was used, 

negatively affected object detection more than any other sign message (see Table 13). 

Conversely, there was no sign message that would be most suitable for a logo. 

CONCLUSIONS 

The objective of evaluating drivers on the closed course was to identify the effects of 

using sponsor logos on CMSs in terms of sign legibility and object detection. Two different types 

of sign messages were used: travel time signs, which identify an estimated time to reach a 

specific route, and safety signs, which inform drivers of a specific safety-related condition (such 

as an AMBER alert). The logos used on the signs came from a sample of national and local 

businesses that may be interested in sponsoring the sign messages displayed. 
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The two measures of effectiveness were legibility distance and object detection distance. 

Legibility distance was measured as the distance from the vehicle to the sign when the driver 

correctly read the assigned word or travel time. Object detection distance was the distance from 

the vehicle to the target object when the driver correctly identified the object. The objects tested 

were a box, a life-size deer, and a tire. When near the sign, the target objects were located either 

200 ft in front of the sign or 100 ft behind the sign. As control data, detection distances were also 

obtained when the object was 1,500 ft from the sign. 

Legibility distances of the CMS messages were notably high in comparison to traditional 

traffic signs and well above the minimum value of 30 ft/in recommended in the Texas Manual on 

Uniform Traffic Control Devices (TMUTCD). During the day, the median legibility index was 

approximately 60 ft/in. At night, the index was approximately 45 ft/in. Drivers were able to read 

the sign at such great distances compared to retroreflective signs because they did not need to 

rely on illumination from their headlamps reaching the sign and reflecting back to the driver. The 

resulting luminance from a retroreflective sign would have been comparably low due to the 

height of the overhead sign and the great distance from which drivers were reading the CMS. 

The next section reviews the research questions identified in Chapter 2, providing 

answers based on the results presented in Chapter 3, followed by a discussion of the findings. 

Research Questions 

This section repeats the study questions asked in Chapter 2 and answers them based on 

the results presented in Chapter 3. The questions are divided into groups for legibility distance, 

last-look distance, and object detection distance. 

Legibility Distance 

1. Does the use of a sponsor logo affect sign legibility? 

The sponsor logo did not impact the legibility of the green travel time signs and black 

safety signs (single and dual phase). The use of a sponsor logo next to a sign message reduced 

legibility for only the blue single-phase safety signs (by 8 percent). However, even these signs 

with a legibility distance of 905 ft (averaged across day and night), or 50 ft/in legibility index, 

were well above the MUTCD recommended minimum legibility index of 30 ft/in. 

2. Does the color or brightness of a sponsor logo affect a sign’s legibility? 

There was no impact on legibility due to the background of the sponsor logo, categorized 

as white, dark, or dark/white. 

3. Does the background color of a safety message sign affect legibility? 

The legibility distance of the blue single-phase signs was significantly shorter than the 

legibility distance of the other signs (by 2.5–4 percent). Despite these small differences across 
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colors, all of the signs produced legibility indices of 50 ft/in or greater, well above the 

recommended minimums in the MUTCD. 

Nighttime Object Detection Distance 

1. Does a CMS affect a driver’s ability to detect roadway hazards? 

The CMS reduced detection distances of the deer and box but increased the detection 

distance for the tire when the tire was in front of the sign, regardless of whether a logo was 

present. This finding indicates that glare from the sign negatively impacts the detection distance 

for some objects but has the potential to increase detection distance if the illumination from the 

sign is great enough on a low-contrast object. 

2. Does the use of a sponsor logo affect a driver’s ability to detect hazards? 

Overall, sponsor logos have a marginal effect on detection distances. The measured effect 

was approximately 10 ft, which is reasonably within the margin of error for the study procedure. 

3. Does the color or brightness of a sponsor logo affect the ability to detect 

hazards? 

The background color of the sponsor logo had no effect on the object detection task. 

4. Is the effect of a sponsor logo on the ability to detect a hazard dependent upon 

the location of the hazard, either before or after the sign? 

While sponsor logos overall had a small effect on object detection distances, the effect 

was most evident when the objects were placed 100 ft behind the sign. The effect was a 

reduction in detection distance of 24 ft when a logo was used. 

5. Does dual phasing for signs (whether only the message changes, only the logo 

changes, or both change) affect the visibility of hazards? 

Compared to the black single-phase signs, object detection distances with dual-phase 

signs were reduced by 15 ft.  

Discussion 

The analyses in this study show that glare from a CMS may reduce a driver’s ability to 

detect objects near the road. However, in some instances, the object may actually benefit from 

the sign’s illumination. This is not the first study to investigate the effects of glare on the ability 

to see objects. In fact, another recent study (3) suggests that some retroreflective signs provide 

enough luminance that driver vision is impacted by glare from the sign. The researchers found 

that detection distances decreased for some objects when placed near signs. The three objects in 

that study included a deer, a pedestrian, and a small wooden plaque. Similar to the observations 

with the deer and box in this study, whose detection distances decreased by up to 85 and 75 ft 
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when in front of the sign, the detection distances of the deer and pedestrian in the earlier study 

were significantly reduced when near a sign, and sometimes by more than 100 ft. There was no 

effect, however, for the wooden plaque. The detection distance of the tire in the present study 

was not reduced when the tire was placed near the sign, but actually increased when the tire was 

in front of the sign. The sign’s illumination of the tire more than compensated for the glare. 

Another interesting connection between the two studies is that there were no differences between 

the detection distances for the old and young drivers viewing the wood and the tire. Neither the 

wood in the earlier study and tire in the present study had a high level of contrast against the 

pavement, nor did they stand as high as the other objects. For objects that have comparably short 

detection distances, the illumination from the CMS may in fact be beneficial, at least when the 

object is in front of the sign. Every object drivers may encounter on a road will be impacted by 

glare and illuminance from a sign in a unique way.  

Legibility distances of each type of message on the CMSs were remarkably long, 

especially in light of other studies of legibility that involved retroreflective signs. Sponsor logos 

on the CMSs had only minor effects on legibility distance. Reduced legibility occurred only 

when logos were used on safety signs with a blue background, which affected legibility distance 

by 8 percent. All signs produced legibility indices of greater than 50-ft legibility for every inch 

of letter height. These values are well above the MUTCD minimum recommended value of 

30 ft/in. 
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CHAPTER 2. EVALUATION OF FONT ALTERNATIVES FOR FULL 

MATRIX CHANGEABLE MESSAGE SIGNS 

CMS technology has improved greatly in the past 10 years in terms of brightness, pixel 

resolution, and viewing angularity. The higher pixel resolution allows for a greater variety of 

font styles to be used on CMS than in the past. As TxDOT begins to adopt higher resolution full 

matrix CMS, decisions on which font to use on these signs will need to be made. The current 

task supports this decision making by evaluating the legibility of three different typeface sizes 

and styles included in one vendor’s software library. 

One of the advantages of new LED signs is that they are capable of displaying messages 

in many fonts. In addition, the signs are big enough and the resolution is high enough that the 

sign can be split to have different areas of the sign used for different purposes. It is anticipated 

that if sponsorships are used, the sponsor logo will occupy one third of a sign’s horizontal space. 

This may require using a more condensed typeface with a higher height:width ratio in order to 

accommodate the horizontal line space dedicated to the sponsor logo. Another alternative is to 

use a smaller letter height. In the previous task, an 18 in. letter was used as specified in the 

TMUTCD.  

METHOD 

Experimental Design 

The research team organized an expert panel viewing that included TTI and TxDOT 

traffic operations staff. The panel viewed multiple variations of interletter spacing and interline 

spacing in order to select the conditions to be tested in the study. The panel concluded that 

examining the amount of display area used in addition to font height and height:width ratio 

should be the main topics for the study. 

The study was designed to test the following sign variables: legibility according to letter 

height and letter width. There were three types of text font signs: 1) 16 in. tall letters where the 

letters are 20 pixels in height and 12 pixels in width, 2) 18 in. tall letters where the letters are 

23 pixels in height and 14 pixels in width, and 3) 18 in. tall letters where the letters are 23 pixels 

in height and 15 pixels in width. The messages were displayed on two types of signs: 1) the 

background covered the whole sign, and 2) the right third of the sign board was blank. The 

background color for all signs was blue, and all letters were white. The research team used an 

incomplete factorial design where letter height was tested for signs that displayed the message 

using the full width of the display matrix. For signs where one-third of the board was blank, only 

18 in. letters where displayed. Letters with 14 pixel width were compared to letters with 15 pixel 

width. This design allowed repeated measures of each sign type to allow a variety of words to be 

used. In this way, the research team could assure that any legibility advantage was not due to a 

particular word that happened to be easier to read. The amount of time participants spent on the 



 

42 

task was a consideration in the experimental design as well. In general, the research team finds 

that testing should be complete within 60–75 minutes to keep the participants attentive and 

engaged in the tasks. At the time of this testing, only one of the full matrix CMS was functional. 

Given these constraints, a total of 16 driving laps could be completed limiting the design to an 

incomplete factorial, as shown in Table 14. In addition to the driving laps, participants completed 

a stationary test similar to an optometry test. 

Table 14. Experimental Design for Driving Laps. 

 16 in. letters 

 (20 × 12 pixels) 

18 in. letters 

 (23 × 15 pixels) 

18 in. letters - 

Condensed 

 (23 × 14 pixels) 

Message displayed 

full-width 
X X  

Message on Left 2/3 

of sign 
 X X 

Experiment Signs 

The sign messages were groups of six words unrelated to driving, each six letters in 

length. The experimenter instructed the study participants to read a preselected word as they 

approached the sign. The legibility distance was the distance from the sign at which the study 

driver correctly read the assigned time or target word. 

The same sign messages were used for every participant. There were four types of single-

phase signs. Each type of sign was displayed once for each participant. Table 15 shows pictures 

of the tested sign messages to evaluate letter height. Table 16 shows the signs used to evaluate 

letter width. Table 17 shows the test signs used in the stationary testing. Thirteen random letters 

were arranged in groups of 4–5 letters to aide in reading and recording. 
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Table 15. Signs Used for Full Width Display Evaluation of Letter Height. 

Message 

Width 
16 in. letters (20 × 12 pixels) 18 in. letters (23 × 15 pixels) 

Full Board 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

Table 16. Sign Messages Used for 2/3 Width Display Evaluation of Letter Width. 

Message 

Width 
18 in. letters (23 × 14 pixels) 18 in. letters (23 × 15 pixels) 

Two-thirds 

of the 

board 
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Table 17. Signs Used in Stationary Evaluation of All Three Fonts. 

Message Font Sign board message 

16 in. letters (20 × 12 pixels) 

 

18 in. letters (23 × 14 pixels) 

 

18 in. letters (23 × 15 pixels) 

 

Note: Slight scaling issues may have been introduced in re-sizing the photos for the report. 

Measurement Equipment 

The study participants drove a 2014 Toyota Sienna equipped with eye-tracking cameras 

and a GPS receiver. A computer in the rear of the vehicle stored the data. Figure 16 shows 

pictures of the vehicle and equipment in the vehicle. A researcher operated the instrumentation in 

the vehicle and was responsible for logging the locations of sign legibility. The distances were 

based on the data collected by the GPS receiver.  
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(a) (b) 

Figure 16. Study Vehicle and Instrumentation for Collecting Data. 

Testing Location and Sign Specifications 

The study was executed at the Riverside campus of Texas A&M University on a runway 

no longer used by aircraft. The sign was Daktronics model Vanguard ® VF-2420-96x400-20-

RGB and was located on the south end of the runway. The sign was placed 20 ft directly above 

the defined driving lane. Dimensionally, the sign was 7 ft 10 in. tall and 28 ft 5 in. wide with an 

8-in. border yielding an active display area of 6 ft 6 in. by 17 ft 1 in. The sign had 20 mm 

(0.81 in) pixels in an array of 96 rows by 400 columns. The course was an oval north/south loop 

with approximately 2,800 ft of straight approach distance to the sign. The north and south travel 

lanes were spaced 200 ft apart laterally. The sign structure was wide enough that the test vehicle 

could pass directly underneath the sign. The drivers were instructed to navigate the course at 

35 mph. The travel lanes were marked with retroreflective raised pavement markers and 

retroreflective lane striping. Figure 17 shows an overview of the study track course with location 

A indicating the stopping point for the stationary testing.  
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Figure 17. Overview of the Study Course. 

Participants  

The analyzed data in this study were collected from 20 people recruited to participate in 

the study. There were 9 males and 11 females. The ages of the drivers were 55–78 years (average 

65.5). Each participant completed tests of visual acuity, color blindness, and contrast sensitivity. 

No participant was turned away for inadequate vision. Figure 18 shows the distribution of visual 

acuities for the participants. Participants were compensated $40 for their participation. 
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Figure 18. Distribution of Measured Visual Acuity of the Participants. 

Procedure 

The experiment was comprised of two phases—driving and stationary. The first phase 

had a driving component where subjects would drive the course. While approaching each sign, 

subjects were instructed to read a target word at the earliest possible location and time. For 

example, the experimenter would say “read the second word on the third line of the sign.” 

Legibility was assessed by measuring the distance from the sign at which the driver correctly 

read it. After subjects completed all 16 signs, then phase two of the experiment was performed. 

For phase two, subjects were asked to stop at a point 728 ft from the sign (point A in 

Figure 17) and read a line of letters. The distance from the sign was selected based on the 

previous study where 728 ft was where 85th percentile of participants was able to read the 

message on the sign correctly. At first, participants would read a display with a single line of 

letters in order to assess their individual performance. The goal was to get each participant at a 

distance where they could read the 18 in. letters with 70 percent accuracy. If the participant was 

too uncomfortable to read all letters, then the researcher would instruct the participant to move to 

600 ft from the sign board. If the participant showed no struggle and got all the letters right, then 

the subject was instructed to move upstream to 800 ft from the sign board. If the subject was 

comfortable reading the sign and missed less than 3 letters, then the participant would read the 

rest of the signs at 728 ft away from the sign board. 

The following steps summarize the actions the researchers completed with each 

participant: 
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1. Greet the participant, introduce the study concept, sign the waiver, conduct a vision test, 

and complete the intake form. 

2. Escort the participant to the vehicle and calibrate the instruments in the vehicle. 

3. Instruct the participant to drive to the start of the study site. 

4. Stop on the taxiway and make sure all equipment is working correctly. 

5. Start and complete 16 total laps (one sign with each lap), changing the sign based on the 

lap number for that participant.  

6. While approaching each sign, the participant is to read the target word. 

7. After the 16 laps, the participant would stop the instrumented vehicle 728 ft from the 

CMS sign and a preliminary optometry test sign would be read by the participant to 

determine the comfort level.  

8. The participant would read the middle line of all optometry test signs 

RESULTS 

With data from 20 drivers that viewed signs 16 times during the driving phase and 3 

different signs for the stationary test, the study design had the potential for 320 observations for 

the driving phase and 60 observations for the optometry test portion of the field study. After 

eliminating data that were not usable due to experiment error, there were 261 legibility distances. 

Analysis of Legibility While Driving 

The research team built a database that combined the GPS distance with the experimenter 

data sheet. These data only include the signs that were read during the laps, not the stationary 

test. Table 18 lists the variables. 
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Table 18. Variables and Explanation. 

Variable Explanation 

Sign Number this is interchangeable with lap number 

Participant Number Participant number 

Date Day the experiment was conducted 

Time time of day 

Age age of participant 

AgeGr Age group (50–59, 60–69, >70) 

Gender Male (M) or Female (F) 

Visual Acuity obtained from vision test 

Contrast A score on line A of contrast sensitivity test 

Contrast B score on line B 

Contrast C score on line C 

Contrast D score on line D 

Contrast E score on line E 

Astigmatism self-reported 

Corrective lenses self-reported 

Color Blind assessed with Ishihawa color plates 

Other Vision Conditions self-reported 

SignFileName file name of the files 

Target Word word that subject was meant to read 

Row row where target word was located 

Col column where target word was located 

Correct Word Y/N whether the correct word was read 

Extra tag whether extra tag was made 

Word Spoken wrong word spoken by subject when guessing 

Comments comment from experiments 

Distance from sign calculated GPS distance 

 

Preliminary analysis identified one particular target word—though—that nearly everyone 

got wrong. The legibility difficulty with this word appeared to be idiosyncratic to this single 

word and so all data from this word was dropped. The research team performed quality assurance 

on the data based by creating a script that would remove these data and any recorded distance 

when the participant got the word incorrect. 

Figure 19 shows the overall range of legibility distances for all conditions. The 

distribution is relatively normal and matches the range of legibility distances obtained in the 

previous study. 
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Figure 19. Overall Range of Legibility Distance Measurements. 

To illustrate the effect of letter height, Figure 20 shows the median and range of the 

legibility distances as a function of letter height. The box indicates the 25th and 75th percentile 

distances in the distribution for that condition. The mean legibility distance for the 16 in. letters 

was 634 ft, for 18 in. letters normal width it was 760 ft, and for the condensed 18 in. letters, it 

was 714 ft. When expressed as legibility index, which is the legibility distance divided by the 

letter height, these results show that both the 16 in. letter and the condensed 18 in. letter have a 

legibility index of 39 ft/in., while the 15 pixel wide 18 in. letter has an index of 42 ft/in.  
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Figure 20. Overall Legibility Distance as a Function of Letter Height.  

Box and Whiskers Indicate Median, Range, 25th and 75th percentile 

 

The legibility distances ranged from less than 200 ft to over 1200 ft. Some of this 

variability is due to each individual participant’s visual acuity ability. Table 19 shows a 

breakdown of legibility averages and ranges for each font type as a function of visual acuity. The 

column on the far right indicates the number of observations; recall that each of the 20 

participants saw multiple signs. The effect of visual acuity is illustrated in Figure 21, collapsed 

across all three font conditions. 
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Table 19. Descriptive Statistics Showing Effect of Visual Acuity Test Scores on Legibility 

Distance. 

       

   
Values 

   Letter 
Height 
(in.) 

Letter 
width 
(pixels) 

Visual 
Acuity 

Average of 
Distance from 
Sign 

Max of 
Distance from 
Sign 

Min Of 
Distance From 
Sign 

Count of 
Distance from 
Sign 

16 12 20/15 852.22 947.61 656.64 8 

  
20/20 692.54 1049.38 418.92 24 

  
20/25 572.78 836.44 279.21 28 

  
20/30 459.52 551.05 329.58 8 

 
12 Total 

 
634.60 1049.38 279.21 68 

18 14 20/15 1022.12 1130.66 921.26 7 

  
20/20 731.68 1050.65 329.51 19 

  
20/25 669.48 921.88 383.09 23 

  
20/30 536.10 644.28 433.50 8 

 
14 Total 

 
714.80 1130.66 329.51 57 

 
15 20/15 1001.44 1183.84 691.37 16 

  
20/20 807.60 1314.65 389.43 48 

  
20/25 682.73 1037.35 184.48 56 

  
20/30 650.16 739.89 500.31 16 

 
15 Total 

 
760.46 1314.65 184.48 136 

Grand 
Total 

  
717.70 1314.65 184.48 261 

 

 
Figure 21. Legibility Distance for All Fonts as a Function of Visual Acuity Score. 
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In order to assess whether limiting the overall width of the display area, the experimental 

design included the 18 in. (23 × 15 pixels) font in both the full and 2/3 width conditions. Table 

20 shows that the mean legibility distance for this font in the full width display was 768 ft while 

in the 2/3 width display, it was 729 ft. Given the variability in the data, this effect is not 

significant. 

Table 20. Legibility Distance (ft) for Full Width and 2/3 Width Displays. 

  Letter Height 
(in.) 

  

 Letter width 
(pixels) 

16 18 Grand 
Total 

Full width 12 634.60  634.60 

15  768.50 768.50 

Full Width Total  634.60 768.50 701.55 

2/3 Width 14  705.30 705.30 

15  752.43 752.43 

 2/3 Width Total   729.40 729.40 

Grand Total  634.60 742.63 715.32 

 

The participants in this study were all over the age of 50, because past research has 

shown that older drivers have more difficulty reading signs at night than young drivers. The 

research team created three groups of participants based on their decade of age. Table 21 shows 

the results based on age group. 

Table 21. Legibility Distances (ft) as Function of Age and Font. 

  Letter Height 
(in.) 

  

Age Group Letter width 
(pixels) 

16 18 Grand 
Total 

50–59 12 753.13  753.13 

14  765.76 765.76 

15  844.46 844.46 

50–59 Total  753.13 819.34 802.53 

60–69 12 607.72  607.72 

14  720.26 720.26 

15  766.01 766.01 

60–69 Total  607.72 751.13 714.95 

>70 12 586.94  586.94 

14  648.32 648.32 

15  698.00 698.00 

>70 Total  586.94 681.90 657.91 

Grand Total  634.60 742.63 715.32 
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Analysis of Legibility While Stationary 

The experimenter in the vehicle recorded how many of the 13 letters in each line were 

identified correctly for each of the fonts. The data were analyzed using a repeated measures 

analysis of variance. The results showed a significant (F2,38=23.82, p<0.001) effect of font where 

both of the 18 in. fonts were better than the 16 in. letters but were not different from each other. 

These results are in line with the legibility data gathered while driving. 

CONCLUSIONS 

The study demonstrated drivers can read messages with 18 in. letters farther away than 

16 in. letters. But when expressed as legibility index, all of the fonts tested hover around the 

minimum legibility index of 40 ft/in recommended in the TMUTCD. This suggests that there is 

room for improvement in the design of individual letters.  

Using 1/3 of the display width for a sponsor logo should not affect legibility of the text 

message, and a condensed form of the 18 in. letters can be used without negatively affecting 

legibility a great deal. 
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CHAPTER 3. UPDATE TO THE GUIDE FOR DETERMINING TIME 

REQUIREMENTS FOR TRAFFIC SIGNAL PREEMPTION AT 

HIGHWAY-RAIL GRADE CROSSINGS 

BACKGROUND 

The existing “Guide for Determining Time Requirements for Traffic Signal Preemption 

at Highway-Rail Grade Crossings” worksheet was developed as a deliverable for project 0-4265. 

The specific objectives of the project were:  

1. To increase safety at highway-rail grade crossings with nearby traffic signal-controlled 

highway intersections. 

2. To reduce the disruption in coordinated traffic signal operations along arterials with 

railroad preemption. 

The researchers achieved these objectives by 1) examining safety, human factors, and 

operational problems at traffic signals near grade crossings; 2) identifying and evaluating 

potential solutions to these problems with regard to their effectiveness and applicability in Texas; 

and 3) combining applicable solutions into a guideline document that will help TxDOT staff 

recognize and address the special circumstances associated with signals near grade crossings. 

The guidelines the researchers developed were used to evaluate and improve safety and existing 

operations, and assist in the design future operations at highway-rail grade crossings. 

The worksheet that was developed provided specific guidelines for the following safety 

concerns: 

 Safety Concern #1: Abbreviating normal pedestrian clearance and vehicular 

minimum green times. 

 Safety Concern #2: Gates descending on stationary vehicles or trapping vehicles in a 

queue on the tracks with nowhere to go. 

 Safety Concern #3: Failure to consider the longer length and slower acceleration of 

heavy vehicles. 

 Safety Concern #4: Not providing sufficient time between the last vehicle leaving the 

crossing and the train arriving at the crossing. 

 Safety Concern #5: Non-Supervised Interconnection Circuits and failsafe traffic 

signal controller preempt inputs. 

 Safety Concern #6: Preemption over large distances. 

The worksheet facilitated addressing these safety concerns by calculating parameters for 

complex highway-rail interactions at at-grade signalized intersections. Detailed instructions were 

provided to enable the use of the worksheet. 
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EXISTING WORKSHEET 

The three-page worksheet was developed in PDF format. There were two versions of the 

PDF worksheet. One was a worksheet that was fillable electronically, which then performed 

calculations to determine various parameters to determine the preemption needs at the grade 

crossing being analyzed. Figure 22 illustrates a sample of the worksheet that was created in 

Project 0-4265 (5) and that has been adopted by TxDOT and many agencies in Texas and outside 

the state. 

 
Figure 22. A Sample of the Existing Worksheet Developed in Project 0-4265. 

The worksheet is supported by a 16-page instructions document that gives detailed 

guidance about the using the worksheet. The instruction document includes graphs and tables 

that the engineer conducting the analysis could use to determine various parameters affecting the 

preemption requirements at the grade crossing. These include the definition of design vehicles, 

acceleration characteristics for design vehicles, impact of grade on the acceleration rates for 

various design vehicles, parameters to estimate acceleration rates over larger distances, and the 

impact of gate descent on various design vehicles. Figure 23 illustrates a portion of the 

instructions for filling up the preemption worksheet. 
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Figure 23. Instructions for Completing the Preemption Worksheet. 

The worksheet and the accompanying instructions have been extensively used over the 

last 10 years by TxDOT not only to analyze existing grade crossings but also propose new grade 

crossings. These documents were also used by various cities in Texas and other municipalities 

outside Texas.  

OVERVIEW OF THE MODIFICATIONS 

With time, as more and more users were using the worksheet, some areas were identified 

that could improve the worksheet. These included simplifying entering some fields and 

identifying additional scenarios that the worksheet does not consider. While instructions for most 

of the entries in the worksheet required a small paragraph, some required about 4–5 paragraphs, 

consulting graphs and tables. Specifically, Line 24, which determines “Time for design vehicle 

to accelerate through the design vehicle clearance distance (DVCD)” has over four paragraphs 

along with a graph and table, making it very complicated for the user to determine the entry. 

Hence TxDOT had the following overarching objectives for the modifying the worksheet: 
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 Standardize guidance for items that have a large effect on the requested APT such as 

minimum green, pedestrian timing, and vehicle gate interaction. 

 Provide default values in some fields so that the user need not determine those values. 

The user, however, can change the values for analyzing grade crossings where the 

default values may not be suitable. 

 Identify entries in the form that are rarely used and can be eliminated. 

 Eliminate confusion on how to use the form when there is existing APT. 

 Minimize the decision making for someone filling out the form (other than basic 

measurements). 

o Pedestrian truncation decision. 

o Automatically read from the graphs and tables to minimize user errors and 

simplify the process. 

 Improve the figures in the worksheet. 

MODIFICATIONS MADE TO THE WORKSHEET 

Based on the multiple meetings with TxDOT engineers and other experts in the industry, 

the following modifications to the worksheet were listed: 

1. Provided guidance on the storage of the worksheet. 

2. Defined WB-67 as the default design vehicle with a length of 75 ft. 

3. Improved the figures. 

4. Addressed various scenarios of a design vehicle turning left toward the track from the 

street parallel to the tracks: 

a. Design vehicle being the first in the queue for a preempt at the start of green. 

b. Design vehicle already in motion in the queue for a preempt during the green. 

c. Design vehicle blocking the vehicle on the track phase. 

d. Design can or cannot be stored between the parallel road and the railroad tracks. 

5. Developed guidance for pedestrian truncation: 

a. Move away from the existing process that requires some data collection at the 

intersection. 

b. Based on geometrics at the intersection. 

6. Identified the duration of green indications for the track phase after the gates are down 

for various scenarios. 

WB-67 as a Vehicle Turning Left onto the Tracks 

The objective of this modification was to ensure that right-of-way transfer time is long 

enough to clear left-turning vehicle from travel lanes of track phase approach. Two critical cases 

were identified, assessed, and then addressed in the worksheet: 
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 Storage distance is not sufficient to store left-turning truck. 

 Storage distance is sufficient to store left-turning truck. 

The following assumptions were made to analyze these scenarios, which are illustrated in 

Figure 24: 

 5 seconds minimum green of right-of-way-transfer time (enough time to get two 

vehicles moving). 

 Design case: Truck is second vehicle in platoon. 

 Once moving, truck will continue into intersection, even if signal turns yellow. 

If CSD < Storage Distance 
 

If CSD > Storage Distance 

Figure 24. Illustration of Cases to Store a Left Turning WB-67 toward the Tracks. 

The scenario of the left turning truck included an analysis to calculate the distance 

traveled by the truck while turning. This analysis intern required a literature review of 

acceleration characteristics of trucks. The analysis was then conducted for various numbers of 

approach and receiving lanes as illustrated in Figure 25. 



 

 60 

  

 
 

Figure 25. Illustration of Geometric Scenarios Considered for a WB-67 Turning toward the 

Tracks. 

Pedestrian Truncation 

An informal survey of some operating agencies was conducted to get fact-based 

responses for policies being used to document pedestrian interval treatment during preemption. 

About 20 percent of respondents stated that the agency does not truncate or abbreviate the 

pedestrian signal phases. The take away from this feedback was that the agencies now believe 

that it is important to detect an approaching train early enough to appropriately terminate 

pedestrian movements that conflict with motor vehicles needing to clear the tracks (typically 

pedestrian movements crossing parallel to the rail alignment). The researchers identified the 

pedestrian conflict zones, made recommendations for removal of some conflict zones, and 

provided further guidance on the truncation/abbreviation of pedestrian phases based on expected 

volume of trains and pedestrian at the intersection. Figure 26 illustrates the recommendations for 

removal/relocation of pedestrian crossings followed by recommendations about interval 

truncations and abbreviations. 
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Figure 26. Illustration of Guidance for Removal/Relocation of Crosswalks. 

Based on analysis of prevailing practices and discussions with numerous operating agencies, the 

following recommendations have been made for truncation and abbreviation of pedestrian 

intervals. 

 New grade crossing, consider providing full pedestrian clearance protection. 

 If crosswalk width less than 4 lanes, consider truncations because FDW approximately 

equal to Y + AR. 

 Wide approaches: 

o Very Light Ped traffic (<10 pedestrian activations per day) – potentially use full 

truncation. 

o Light Ped traffic (10 to 50 pedestrian activations per day) – consider preemption 

frequency to determine if partial truncation should be used or use design 

recommendations to separate pedestrian phases. 

o Moderate (1 in 4 cycle to 1 in 2 cycles with pedestrians in crosswalk) – Partial 

truncation with enough time to get pedestrian to middle of conflict zone. 

o Heavy (> 1 in 2 cycles with pedestrians) – consider full protection. 

  

Remove/relocate 

crosswalks 
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Based on feedback received from TxDOT engineers in TRF and some districts, the 

following modifying were made to the worksheet and instructions: 

1. Provided all the geometric information at the beginning of the worksheet. 

2. Designated and used a WB-67 as the default design vehicle. 

3. Incorporated the impact of a WB-67 turning left onto the track in the estimation of the 

queue clearance time and track clearance green. 

4. The calculation of track clearance green time that was optional in the earlier worksheet is 

no longer option and is further clarified for the situation when no gate down circuit is 

present. 

5. A calculation is made for the maximum duration of the track green after the gates are 

down so that the user is not surprised when it happens. 

6. Finally, a summary of all the critical controller preemption settings is presented at the end 

of the worksheet. 

Figure 27 illustrates the draft preemption worksheet.  

 
Figure 27. Draft Revised Preemption Worksheet. 
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SUMMARY 

The Guide for Determining the Time Requirements for Traffic Signal Preemption at 

Highway-Rail Grade Crossings is being updated. A draft has been presented to the reviewers at 

TxDOT and other preemption experts and is being reviewed. Currently TTI researchers are 

assessing the feasibility of converting this excel spreadsheet into PDF format. 
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APPENDIX A. ORDERING FOR SIGNS AND OBJECTS 

As discussed in Chapter 2, each participant was randomly assigned one of three groups 

for each of the visits (daytime and nighttime) during the study. Each participant was assigned to 

two different groups for the two visits. The objects viewed and signs displayed were changed 

with each lap based on a predetermined configuration to ensure that all three target objects were 

viewed with every type of sign at both testing locations. The only exception was the blank sign, 

which was always paired with a deer placed 100 ft behind the sign. 

Tables A-1 through A-3 identify the specific placement locations of every object 

(including the dummy objects) used throughout the 14 laps of the study. Locations A, B, C, D, 

and E correspond with the following distances with respect to the sign, as shown in Figure 1: 

1,500, 400, 200, and 100 ft before the sign for A–D and 100 ft after the sign for E. Locations C 

and E were the locations of interest in determining the signs’ effects on the hazardous object 

detection task. Shading in the tables indicates the test object and location for that lap. At the 

beginning of each lap, the first task was to identify the object at Location A, which was the 

control location that allowed comparisons with the other object detection distances. Even though 

the dummy objects were often placed at Location A, the only data of interest obtained from 

Location A were the occasions a test object was placed there. Each participant provided at least 

four control object detection distances during both daytime and nighttime testing. 
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Table A-1. Group 1 Sign and Object Ordering. 

Northbound 

Lap 

A (Control 1,500 ft) B (400 ft) C (200 ft) D (100 ft) E (−100 ft) 

Sign L R L R L R L R L R 

1 (Practice)  Deer Cone  

 

Shoe Chair  Tire  — 

2  Deer Cone  Box  Shoe  Tire  4 

3  Chair Cone  Box  Shoe  Deer  1 

4 Tire  

 

 Box  Shoe  Deer  22 

5 Chair     Tire 

 

 Deer  25 

6 Box     Tire     18 

7 

 

Deer    Tire    Box 19 

8 Shoe  Deer   

 

   Box 15 

9  Cone Deer     Chair Tire  9 

10  Shoe Deer  Box   Chair Tire  24 

11 Chair  

 

 Box   Chair Deer  5 

12 Shoe    Tire   Chair 

 

 14 

13 

 

Box    Deer     8 

14 Tire     Deer     12 

Southbound 

Lap 

A (Control) B (400 ft) C (200 ft) D (100 ft) E (−100 ft) 

Sign L R L R L R L R L R 

1 Box   Chair      Deer 21 

2  Tire  Chair 

 

Box    Deer 6 

3  Cone  Chair 

 

Box Shoe   Deer 3 

4 Tire 

 

 

  

Box Shoe    26 

5 Deer 

 

  

  

Shoe  Box  13 

6 Cone 

 

  Deer  

 

 Box  17 

7  Shoe   Deer    

 

 10 

8 Cone 

 

 Shoe 

 

   

 

Deer 27 

9  Box  Shoe 

 

   Tire  11 

10  Deer  Shoe 

 

Box   

 

 2 

11  Shoe  

 

Tire   Cone   20 

12  Shoe Chair 

 

Tire   Cone   16 

13 

 

Box Chair 

    

Cone 

 

Tire 7 

14 Shoe 

 

Chair 

    

Cone Deer 

 

23 
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Table A-2. Group 2 Sign and Object Ordering. 

Northbound 

Lap 

A (Control 1,500 ft) B (400 ft) C (200 ft) D (100 ft) E (−100 ft) 

Sign L R L R L R L R L R 

1 (Practice) Tire   Deer    Chair  Box — 

2 Tire    Deer   Chair  Box 22 

3  Cone   Deer   Chair Tire  25 

4 Box  Shoe  Deer  Cone  Tire  4 

5 Chair  Shoe   Box Cone  Tire  5 

6  Deer Shoe   Box   Tire  1 

7 Chair  Shoe   Box     18 

8  Deer    Tire     8 

9  Shoe  Cone  Tire    Deer 15 

10  Box  Cone  Tire  Chair  Deer 12 

11 Shoe   Cone    Chair  Deer 19 

12 Shoe       Chair Box  9 

13  Deer   Box   Chair   14 

14  Tire   Deer      24 

Southbound 

Lap 

A (Control) B (400 ft) C (200 ft) D (100 ft) E (−100 ft) 

Sign L R L R L R L R L R 

1 Chair      Shoe   Tire 23 

2 Box  Chair  Deer  Shoe   Tire 6 

3 Box  Chair  Deer     Tire 3 

4  Shoe Chair      Deer  17 

5 Tire    Box    Deer  13 

6  Cone  Shoe Box      16 

7  Tire  Shoe  Deer  Cone   26 

8  Chair  Shoe  Deer  Cone  Box 2 

9  Chair      Cone  Box 11 

10 Deer  Chair  Tire     Box 10 

11 Deer  Chair       Box 7 

12  Cone     Shoe  Deer  27 

13  Chair    Box Shoe  Deer  20 

14 Cone      Shoe   Tire 21 
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Table A-3. Group 3 Sign and Object Ordering. 

Northbound 

Lap 

A (Control 1,500 ft) B (400 ft) C (200 ft) D (100 ft) E (−100 ft) 

Sign L R L R L R L R L R 

1 (Practice) Cone    Box  Shoe  Deer  — 

2 Cone    Box  Shoe  Deer  9 

3  Chair  Cone Box  Shoe   Tire 15 

4  Chair  Cone Box     Tire 8 

5  Shoe  Cone Box      12 

6 Deer     Tire     24 

7  Box    Tire  Chair   22 

8 Shoe       Chair  Box 25 

9 Tire    Deer   Chair  Box 14 

10 Tire  Shoe  Deer   Chair  Box 5 

11 Cone  Shoe  Deer     Box 18 

12 Chair  Shoe    Cone   Box 1 

13  Deer Shoe   Tire Cone    4 

14 Box  Shoe    Cone  Tire  19 

Southbound 

Lap 

A (Control) B (400 ft) C (200 ft) D (100 ft) E (−100 ft) 

Sign L R L R L R L R L R 

1  Tire Chair       Box 23 

2 Shoe  Chair  Tire     Box 26 

3 Deer  Chair  Tire   Shoe  Box 3 

4 Cone    Tire   Shoe Deer  27 

5  Box Cone  Tire   Shoe Deer  2 

6  Chair Cone      Deer  7 

7 Tire  Cone      Deer  11 

8  Chair        Tire 13 

9 Box     Deer Chair   Tire 20 

10 Cone     Deer Chair   Tire 17 

11 Cone     Deer Chair    16 

12 Cone     Tire     6 

13  Deer   Box      10 

14  Shoe       Box  21 
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APPENDIX B. PROCEDURE FOR EACH PARTICIPANT 

Following are the steps the researchers completed with each participant. 

1. Greet the participant, introduce the study concept, have the subject sign the informed 

consent form, conduct a vision test, and complete the intake form, which asked some 

basic demographic questions. 

2. Provide instructions to the subject about the legibility and object detection tasks. The 

pictures in Figure B-1 were shown to the participant in a larger format so the 

participant could become familiar with the study procedure. 

3. Escort the participant to the vehicle, calibrate the eye-tracker in the vehicle, and start 

the GPS data acquisition software. 

4. Instruct the participant to drive to the start of the study site. 

5. Allow the participant to approach one sign (half of one lap) as a practice run. Have 

the participant practice completing the legibility and hazard detection tasks. 

6. While completing 14 total laps (two signs with each lap), change the objects and 

signs based on the object and sign ordering assigned to that participant. Specific 

details of the objects placed for each group are provided in Appendix A. 

7. While approaching each sign, instruct the participant to: 

a. Indicate “left” or “right” for the side of the lane where the control object is 

placed. 

b. Read the assigned travel time or target word. 

c. Indicate “left” or “right” for the side of the lane where the test object is 

placed. 

8. The legibility task (b) and object detection task (c) can be completed in any order. 

Indicate in the GPS data stream the moment the above tasks are completed. 

9. After the 14 laps, stop data collection and instruct the participant to return to the 

original location for compensation. Escort the participant out of the facility. 
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Sign (blank) 

 

Sign (night) 

 

Deer 

 

Box 

 

Cone 

 

Chair 

 

Tire 

 

Shoe 

 

Figure B-1. Images Shown to Each Participant before Starting Each Experiment. 
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APPENDIX C. STATISTICAL OUTPUT FROM ANALYSES OF 

VARIANCE 

This appendix contains the statistical output from the ANOVAs that were performed on 

the data to determine what factors affect legibility and object detection distance. The objective 

was to determine whether or not the use of logos impacts legibility or object detection distance, 

and if so, to determine whether or not specific background colors of the logos affect those 

distances more than others. The tests also included effects of sign type to determine whether or 

not certain types of signs affect legibility or detection distance. For the object detection data, 

placement location was included to study whether or not the effects were specific to one of the 

locations used (before or after the sign). In the sections below, the output from the full model 

with all main effects and interactions is presented before the reduced model that contained only 

significant effects and interactions. 
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LEGIBILITY 

ANOVA Testing Logo Presence on Travel Time Sign Legibility 

Full Model 

Summary of Fit: 

RSquare   0.79 

RSquare Adj.   0.79 

Root Mean Square Error 148.8 

Mean Response  811.1 

Observations   346 

 

REML Variance Component Estimates 

Random 

Effect 

Var. 

Ratio 

Var. 

Component 

Std. 

Error 
95% Lower 95% Upper Pct. of Total 

Subject 2.23 49383.0 13712.7 30611.2 92825.9 69.0 

Residual  22142.8 1775.7 19036.6 26080.9 31.0 

Total  71525.8 13807.4 50644.0 108389.6 100.0 

 

Fixed Effects 

Source DF F Ratio Prob > F 

Time of Day 1 161.2 <.0001 

Age Group 1 8.88 0.0059 

Logo Presence 1 2.87 0.0913 

Time of Day * Age Group 1 5.49 0.0198 

Time of Day * Logo Presence 1 1.06 0.3040 

Age Group * Logo Presence 1 0.024 0.8761 

 

Reduced Model 

A reduced model with only significant effects was not produced because the effects of logo 

presence and its interactions were not significant. 
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ANOVA Testing Logo Background Color on Travel Time Sign Legibility 

Models with logo background were not investigated because the effect of logo presence was not 

significant. 

ANOVA Testing Logo Presence on Safety Sign Legibility 

Full Model 

Summary of Fit: 

RSquare   0.79 

RSquare Adj.   0.79 

Root Mean Square Error 137.4 

Mean Response  966.1 

Observations   1184 

 

REML Variance Component Estimates 

Random 

Effect 

Var. 

Ratio 

Var. 

Component 

Std. 

Error 
95% Lower 95% Upper Pct. of Total 

Subject 2.32 43827.8 11843.1 27477.2 80787.0 69.9 

Residual  18876.5 790.3 17418.4 20526.5 30.1 

Total  62704.3 11868.0 44672.5 94429.0 100.0 

 

Fixed Effects 

Source DF F Ratio Prob > F 

Time of Day 1 479.7 <0.0001 

Age Group 1 12.25 0.0016 

Sign Type 2 8.05 0.0003 

Logo Presence 1 16.33 0.0001 

Time of Day * Age Group 1 6.01 0.0144 

Time of Day * Sign Type 2 0.72 0.4849 

Time of Day * Logo Presence 1 0.45 0.5026 

Age Group * Sign Type 2 0.47 0.6275 

Age Group * Logo Presence 1 1.54 0.2153 

Sign Type * Logo Presence 2 8.98 0.0001 

 

Reduced Model 

Summary of Fit: 

RSquare   0.79 

RSquare Adj.   0.79 

Root Mean Square Error 137.3 

Mean Response  966.1 

Observations   1184 
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REML Variance Component Estimates 

Random 

Effect 

Var. 

Ratio 

Var. 

Component 

Std. 

Error 
95% Lower 95% Upper Pct. of Total 

Subject 2.32 43836.2 11845.1 27482.6 80801.4 69.9 

Residual  18855.7 787.4 17402.9 20499.3 30.1 

Total  62691.9 11869.9 44658.7 94425.4 100.0 

 

Fixed Effects 

Source DF F Ratio Prob > F 

Time of Day 1 599.1 <0.0001 

Age Group 1 12.76 0.0013 

Sign Type 2 8.07 0.0003 

Logo Presence 1 16.39 <0.0001 

Time of Day * Age Group 1 6.01 0.0144 

Sign Type * Logo Presence 2 8.98 0.0001 

 

Least Square Means and Tukey HSD Tests 

Effect 
Least Square 

Mean 

Standard 

Error 

Tukey HSD 

Test 
Time of Day    

 Day 1067.0 38.7    

 Night 871.6 38.7    

Age Group    

 Young 1106.6 54.4    

 Old 832.1 54.4    

Sign Type    

 Black Single Phase 972.5 38.9 A   

 Black Dual Phase 989.6 39.0 A   

 Blue Single Phase 946.0 39.0  B  

Logo Presence    

 No Logo 987.1 38.9    

 Logo 951.6 38.5    

Age Group * Time of Day    

 Day, Young 1214.1 54.7 A   

 Night, Young 999.1 54.7  B  

 Day, Old 920.0 54.7  B  

 Night, Old 744.1 54.7   C 

Sign Type * Logo Presence    

 Black Single Phase, No Logo 1006.8 40.3 A   

 Blue Single Phase, No Logo 986.5 40.2 A   

 Black Dual Phase, Logo 977.0 38.9 A   

 Black Single Phase, Logo 972.3 39.3 A   

 Black Dual Phase, No Logo 968.0 40.3 A   

 Blue Single Phase, Logo 905.4 39.2  B  
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Plots of Least Square Means 

 
Figure C-1. Least Square Mean Values for the Interaction of Age Group * Time of Day. 

 
Figure C-2. Least Square Mean Values for the Interaction of Sign Type * Logo Presence. 
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ANOVA Testing Logo Background Color on Safety Sign Legibility 

Full Model 

Summary of Fit: 

RSquare   0.81 

RSquare Adj.   0.80 

Root Mean Square Error 136.0 

Mean Response  956.0 

Observations   831 

 

REML Variance Component Estimates 

Random 

Effect 

Var. 

Ratio 

Var. 

Component 

Std. 

Error 
95% Lower 95% Upper Pct. of Total 

Subject 2.34 43219.3 11729.6 20229.7 66208.9 70.0 

Residual  18489.8 932.1 16790.7 20461.8 30.0 

Total  61709.1 11763.9 43865.3 93233.7 100.0 

 

Fixed Effects 

Source DF F Ratio Prob > F 

Time of Day 1 345.8 <0.0001 

Age Group 1 13.72 0.0009 

Sign Type 2 16.97 <0.0001 

Logo Background Color 2 4.15 0.0162 

Time of Day * Age Group 1 3.70 0.0547 

Time of Day * Sign Type 2 8.26 0.0003 

Time of Day * Logo Background Color 2 17.57 <0.0001 

Age Group * Sign Type 2 0.22 0.8045 

Age Group * Logo Background Color 2 0.53 0.5904 

 

Reduced Model 

Summary of Fit: 

RSquare   0.80 

RSquare Adj.   0.80 

Root Mean Square Error 136.0 

Mean Response  956.0 

Observations   831 

 

REML Variance Component Estimates 

Random 

Effect 

Var. 

Ratio 

Var. 

Component 

Std. 

Error 
95% Lower 95% Upper Pct. of Total 

Subject 2.34 43203.2 11725.4 20221.8 66184.5 70.0 

Residual  18502.2 929.8 16807.0 20468.8 30.0 

Total  61705.3 11759.5 43866.9 93214.9 100.0 
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Fixed Effects 

Source DF F Ratio Prob > F 

Time of Day 1 345.8 <0.0001 

Age Group 1 13.52 0.0010 

Sign Type 2 16.95 <0.0001 

Logo Background 2 4.15 0.0161 

Time of Day * Sign Type 2 8.26 0.0003 

Time of Day * Logo Background 2 17.55 <0.0001 

 

Least Square Means and Tukey HSD Tests 

Effect 
Least Square 

Mean 

Standard 

Error 

Tukey HSD 

Test 

Time of Day      

 Day 1049.5 38.6      

 Night 859.7 38.6      

Age Group      

 Old 814.0 54.1      

 Young 1095.2 54.1      

Sign Type      

 Black Dual Phase 977.9 39.2 A     

 Black Single Phase 976.4 39.4 A     

 Blue Single Phase 909.5 39.3  B    

Logo Background      

 White 965.2 39.3 A     

 Dark / White 962.4 40.3 A     

 Dark 936.2 38.6 A     

Time of Day * Sign Type      

 Day, Black Dual Phase 1113.6 40.4 A     

 Day, Black Single Phase 1046.4 40.7  B    

 Day, Blue Single Phase 988.5 40.7   C   

 Night, Black Single Phase 906.3 40.7    D  

 Night, Black Dual Phase 842.3 40.4    D E 

 Night, Blue Single Phase 830.5 40.7     E 

Time of Day * Logo Background      

 Day, White 1117.9 40.6 A     

 Day, Dark 1024.0 39.3  B    

 Day, Dark/White 1006.5 42.5  B    

 Night, Dark/White 918.2 42.4   C   

 Night, Dark 848.4 39.3    D  

 Night, White 812.5 40.6    D  
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Plots of Least Square Means 

 
Figure C-3. Least Square Mean Values for the Interaction of Sign Type * Time of Day. 

 
Figure C-4. Least Square Mean Values for the Interaction of Logo Type * Time of Day. 
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NIGHTTIME OBJECT DETECTION 

ANOVA Testing Sign Type and Logo Presence on Object Detection Distance 

Full Model 

Summary of Fit: 

RSquare   0.75 

RSquare Adj.   0.74 

Root Mean Square Error 53.3 

Mean Response  243.0 

Observations   762 

 

REML Variance Component Estimates 

Random 

Effect 

Var. 

Ratio 

Var. 

Component 

Std. 

Error 
95% Lower 95% Upper Pct. of Total 

Subject 0.880 2496.2 697.6 1129.0 3863.5 46.8 

Residual  2836.3 151.5 2561.3 3158.3 53.2 

Total  5332.5 712.6 4171.3 7059.3 100.0 

 

Fixed Effects 

Source DF F Ratio Prob > F 

Logo Presence 1 6.6.41 0.0116 

Sign Type 3 2.94 0.0327 

Test Object 2 398.7 <.0001 

Test Object Location 1 53.67 <.0001 

Age Group 1 15.19 0.0005 

Logo Presence * Sign Type 3 10.02 <.0001 

Logo Presence * Test Object 2 0.41 0.6620 

Logo Presence * Test Object Location 1 11.85 0.0006 

Logo Presence * Age Group 1 0.02 0.8981 

Sign Type * Test Object 6 1.68 0.1223 

Sign Type * Test Object Location 3 3.10 0.0262 

Sign Type * Age Group 3 0.29 0.8298 

Test Object * Test Object Location 2 34.11 <.0001 

Test Object * Age Group 2 9.71 <.0001 

Test Object Location * Age Group 1 0.07 0.7894 
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Reduced Model 

Summary of Fit 

RSquare   0.75 

RSquare Adj.   0.75 

Root Mean Square Error 52.7 

Mean Response  243.3 

Observations   760 

 

REML Variance Component Estimates 

Random 

Effect 

Var. 

Ratio 

Var. 

Component 

Std. 

Error 
95% Lower 95% Upper Pct. of Total 

Subject 0.903 2508.3 700.3 1135.8 3880.9 47.4 

Residual  2778.7 147.3 2511.2 3091.6 52.6 

Total  5287.0 714.4 4125.1 7022.5 100.0 

 

Fixed Effect Tests 

Source DF F Ratio Prob > F 
Logo Presence 1 5.303 0.0216 

Sign Type 3 3.172 0.0238 

Object 2 478.4 <0.0001 

Object Location 1 50.54 <0.0001 

Age Group 1 14.97 0.0006 

Logo Presence * Sign Type 3 11.48 <0.0001 

Logo Presence * Object Location 1 11.14 0.0009 

Sign Type * Object Location 3 2.670 0.0466 

Object * Object Location 2 38.84 <0.0001 

Object * Age Group 2 10.65 <0.0001 
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Least Square Means and Tukey HSD Tests 

Effect 

Least 

Square 

Mean 

Standard 

Error 

Tukey HSD 

Test 
Effect 

Least 

Square 

Mean 

Standard 

Error 

Tukey HSD 

Test 

Logo Presence    Logo Presence * Object Location     

 No Logo 249.0 9.8     No Logo, −100 ft 270.7 10.4 A     

 Logo 239.4 9.4     Logo, −100 ft 247.2 9.7  B    

Sign Type     Logo, 200 ft 231.5 9.7   C   

 Blue Single Phase 251.9 10.1 A    No Logo, 200 ft 227.2 10.4   C   

 Black Single Phase 249.0 10.1 A B  Sign Type * Object Location      

 Travel Time 239.2 10.1 A B   Blue Single Phase, −100 ft 261.9 10.8 A     

 Black Dual Phase 236.7 10.0  B   Black Dual Phase, −100 ft 258.3 10.6 A     

Object     Black Single Phase, −100 ft 258.1 10.9 A     

 Box 319.6 9.8 A    Travel Time, −100 ft 257.5 10.9 A     

 Deer 239.2 9.8  B   Blue Single Phase, 200 ft 241.9 10.8 A B    

 Tire 173.8 9.8   C  Black Single Phase, 200 ft 239.7 10.9 A B C   

Object Location     Travel Time, 200 ft 220.8 10.9  B C   

 Behind Sign 259.0 9.6     Black Dual Phase, 200 ft 215.1 10.6   C   

 In Front of Sign 229.4 9.6    Object * Object Location      

Age Group     Box, −100 ft 351.2 10.3 A     

 Old 280.3 13.2     Box, 200 ft 287.9 10.4  B    

 Young 208.0 13.2     Deer, −100 ft 260.7 10.4   C   

Logo Presence * Sign Type     Deer, 200 ft 217.8 10.3    D  

 Black Single Phase, No Logo 268.3 11.4 A    Tire, 200 ft 182.4 10.3     E 

 Blue Single Phase, No Logo 259.8 11.4 A    Tire, −100 ft 165.1 10.4     E 

 Black Dual Phase, Logo 250.7 10.0 A B  Object * Age Group      

 Travel Time, No Logo 245.1 11.5 A B C  Box, Young 365.2 13.8 A     

 Blue Single Phase, Logo 244.0 10.4 A B C  Deer, Young 277.6 13.8  B    

 Travel Time, Logo 232.2 10.4  B C  Box, Old 273.8 13.8  B    

 Black Single Phase, Logo 229.6 10.4   C  Deer, Old 200.8 13.8   C   

 Black Dual Phase, No Logo 222.7 11.5   C  Tire, Young 198.1 13.8   C D  

        Tire, Old 149.4 13.8    D  
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Plots of Least Square Means 

 
Figure C-5. Least Square Mean Values for the Interaction of Sign Type * Logo Presence. 

 
Figure C-6. Least Square Mean Values for the Interaction of Logo Presence * Object 

Location. 
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Figure C-7. Least Square Mean Values for the Interaction of Sign Type * Object Location. 

 
Figure C-8. Least Square Mean Values for the Interaction of Object * Object Location. 
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Figure C-9. Least Square Mean Values for the Interaction of Object * Age Group. 

Three-Way Interaction 

There was one three-way interaction that was significant when added to the reduced model. The 

interaction, Object * Object Location * Logo Presence, was used to find the effects of logos on 

the interaction of object and object location. The analysis with Tukey’s HSD showed that there 

was no significant difference when a logo was used or not used when comparing specific objects 

at specific locations. 

Object * Object Location * Logo Presence 

Box, −100 ft, No Logo  A 

Box, −100 ft, Logo  A 

Box, 200 ft, Logo   B 

Box, 200 ft, No Logo   B C 

Deer, −100 ft, No Logo  B C D 

Deer, −100 ft, Logo    C D 

Deer, 200 ft, No Logo     D E 

Deer, 200 ft, Logo      E 

Tire, 200 ft, Logo       F 

Tire, −100 ft, No Logo       F G 

Tire, 200 ft, No Logo       F G 

Tire, −100 ft, Logo        G 
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ANOVA Testing Logo Background Color on Object Detection Distance 

Full Model 

Summary of Fit 

RSquare   0.77 

RSquare Adj.   0.75 

Root Mean Square Error 52.1 

Mean Response  240.3 

Observations   527 

 

REML Variance Component Estimates 

Random 

Effect 

Var. 

Ratio 

Var. 

 Component 

Std. 

Error 
95% Lower 95% Upper Pct. of Total 

Subject 0.906 2454.7 698.5 1085.7 3823.7 47.5 

Residual  2710.6 178.0 2393.1 3096.3 52.5 

Total  5165.3 718.2 4003.0 6922.0 100.0 

 

Fixed Effect Tests 

Source DF F Ratio Prob > F 

Logo Background 2 0.99 0.3707 

Sign Type 3 2.29 0.0775 

Test Object 2 225.0 <.0001 

Test Object Location 1 6.01 0.0146 

Age Group 1 15.64 0.0004 

Logo Background * Test Object 4 1.63 0.1653 

Logo Background * Test Object Location 2 1.02 0.3610 

Logo Background * Age Group 2 0.17 0.8439 

Sign Type * Test Object 6 1.90 0.0790 

Sign Type * Test Object Location 3 2.03 0.1093 

Sign Type * Age Group 3 0.14 0.9358 

Test Object * Test Object Location 2 31.27 <.0001 

Test Object * Age Group 2 8.027 0.0004 

Test Object Location * Age Group 1 0.29 0.5920 

 

Reduced Model 

A reduced model with only significant effects was not produced because the effects of logo 

background and its interactions were not significant. 
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